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1 ' 1
P r io r  to 1894 high vo l tage  lamps were not used oBmmercial- 
l y . ;  to any grea t  extent,  Afew were made fo r  lab ra to ry  wflilk by 
connecting two e ight  candle power f i laments in s e r i e s .  These 
were Very ineff ic ient^consuming four watts per candle power. As 
high tension currents came into use the expediency o f  making high 
vo ltage  incandescent lamps was d is c lassed. These lamps seemed to 
have been used to a s l i g h t  extent in A l legan and p e t r o i l ,  Michigan 
in 1893j And in the fo l low ing  year a number o f  other towns began 
using them. In August 1896 there were twenty p lants in the United 
States using them^and the ir  use is now becoming quite genera l ,
Mr. A, S, Barnard says in a paper read before the Eng­
l i s h  Municipal Assoc ia t ion  on " E l e c t r i c a l  Supply at 220 V o l ts " ,
that one reason why 220 v o l t  lamps are p re fe ra b le  to 110 v o l t
|. . /
lamps is the immense saving o f  copper which is  e f f e c t e d ,  A station 
equi ped with 110 v o l t  lamps can supply one square mile  o f  t e r r i  
tory  econamicaliy whereas a s ta t ion  equipped with 220 v o l t  lamps 
can economically supply four  square miles o f  t e r r i t o r y .  In other 
w< > a two-wire system equi 'ped with 220 v o l t  lamps requires only 
one fourth as much copper as a two wire system equipped with 110 
v o l t  lamps. 220 v o l t  lamps are now used quite ex tens ive ly  across
the mains o f  440 v o l t  three-w ire  system. Since 440 v o l t  systems 
f o r  running moters have become common,the use o f  220 vo l t  lamps 
as motioned, above is very  convenient.
High vo l tage  causes a h igher  temperature o f  the f i lament 
which is  there fore  s o f t e r , l e s s  r i g i d  and mechanically weaker in 
high vo ltage  than in low vo ltage  lamps. Since 110 v o l t  lamps are 
operated at the highest e f f i c i e n c y  d e s i r a b l e  ,220 v o l t  lamps a l ­
low g rea te r  va r ia t ions  o f  vo l ta g e ,  and are there fore  more d es ir ­
able f o r  c i r c u i t s  on which both motors and lamps are to be placed. 
Moreover i t  is  the percentage o f  va r ia t ion  in vo l tage  which is  
no t iceab le  in the l i g h t  g iven  by the lamp, hence the va r ia t ions  
c!* f luc tuat ions  due to the switching on or o f f  o f  moters or la rge  
groups o f  lamps, or in switching on or o f f  dynamos at the s ta t ion  
are reduced by one h a l f  f o r  the same absolute drop in v o l t s  i f  220 
v o l t  lamps are used instead o f  110 v o l t  lamps.
The average l i f e  o f  the low e f f i c i e n c y  220 v o l t  lamps 
is longer than the more e f f i c i e n t  TT0 v o l t  lamps, hence the cost 
o f  renewal is l e s s .  On the other .hand, the cost o f  power is more 
f o r  220 v o l t  incandescent lamps which take from three and one half  
to four watts per candle power. TI0 v o l t  lamps take from two 
and one h a l f  to three and one tenth watts per candle power,hence 
the 220 v o l t  lamp requires from 30 /  to 40 /more  power. This neces­
s i t a t e s  a g rea te r  capacity  o f  machinery at the power p lan t .
Francis Wilcox g ives  the fo l low ing  general rule , "The 
in te res t  and deprec ia t ion  on the cost o f  copper saved by the 220 
v o l t  system over a 110 v o l t  system must be equal t o ' o r  g rea ter  than 
the in t e r e s t  and deprec ia t ion  on the cost o f  extra capacity o f  
machinery^ plus the annual cost o f  extra  power required by 220 
v o l t  lamps over IlO v o l t  lamps." In the E l e c t r i c a l  World o f
October 2nd,1897, he has shown in accordance with the above rule 
when i t  is  advisable to use 110 v o l t  systen, and when i t  is  ad­
v isab le  to use 220 vo l t  system.
In deducing the fo l low ing  rules Wilcox assumes that a
220 v o l t  lamp requires four watts per candle power and a HO
v o l t  lamp requires three and one tenth watts per candle power.
That i s ,  that a 220 v o l t  lamp requires 30 X more power than a 110
v o l t  lamp having the same candle power. Each system is  assumed to 
, x. , f to supply an)
be ot s u f f i c i e n t  capacity^n^ equal f ix ed  number o f  l i g h ts  over the 
same area. In the fo l low ing  computations l e t  symbols be used as 
f o l l o w s :
Let a
a ’ =
a" »  
a"« =
cost o f  copper f o r  HO v o l t  2 wire system in do l la rs  
the cost o f  copper f o r  HO v o l t  3 wire system in do l la rs  
cost o f  copper f o r  220 v o l t  2 wire system in do l la rs  
cost o f  copper f o r  220 v o l t  3 wire system in do l la rs
Then a* = 3/8 a; a" 1/4 a; and a " ' =• 32 a. This ass­




cost o f  steam and e l e c t r i c a l  machinery fo r  HO v o l t
2 wire system in d o l la rs
cost o f  steam and e l e c t r i c a l  machinery f o r  HO vo l t
3 wire system in d o l la r s .
b“ - cost o f  steam and e l e c t r i c a l  machinery f o r  220 vo l t  
2 wire system,in d o l la r s .
b"* - cost o f  steam and e l e c t r i c a l  machinery fo r  220 v o l t
5 wire systenijin d o l l a r s .
Since 220 v o l t  larrps require 50 /m ore  power than 110 
v o l t  lamps, b" would equal 1.30 b i f  the f i r s t  cost o f  machinery 
bore always the same r a t i o  to capacity , but f i r s t  cost increases 
ait a less  ra t io  than capacity , hence bu = about 1.20 b. Let d = 
annual cost in do l la rs  o f  extra  power required by 220 voTth'Over 
TT0 vo l t  lamps, e «• in te r e s t  in percent,  «  about 6. and f  = 
percent of deprec ia t ion  o f  steam and e l e c t r i c  machinery ar about 4. 
From the above meit ioned ru le :
( r ) e X V 4 a - or ) (  1,5 b .f f  X l 5  b + eX 5/10 X T/4 a *  d 
(2) or e \ 4 / l5  a = o r 7  (e * f )4 b  + e\ 20d. 
Tf in te re s t  = 6/, arid deprec ia t ion  4/, e «  .06 and
f  -  .04 .
Reducing ( 2 ) we have a= o r/  1/2 b -f2 5d.
I f  we mult ip ly  the las t  member by 2/5,1,e. the ra t io  o f
l i g h t  g iv ing  qua l i ty  o f  110 v o l t  and 220 vo l t  lamps, since 220 vo l t  
lamps are only 2/5 as e f f i c i e n t  as 110 v o l t  lamps, we have, 
a = or /1/5 b * 16 2/5 d . ,  which means that f o r  equal resu lts  as
to l i g h t  obtained and the same percentage o f  lose in l in e  the 
220 v o l t  system should only be used when the cost o f  copper re­
quired by 110 v o l t  two wire system is  g rea te r  than one th ird  o f  
the f i r s t  cost or steam and e l e c t r i c a l  machinery plus s ix teen  and
two thirds the annual cost m  do l la rs  o f  the extra power required
by 220 v o l t  lamps over 110 v o l t  lamps.
I f  we considera 220 v o l t  three wire system versus a HO 
v o l t  three wire system the condit ions are somewhat changed. Here 
b ’" = 1,20 b 1 .
Hence e /  9/62 a- or y( e - f ) X^/^ h/ e 6/10 a'"-f-d. 
a" =r 6/62 a.
Hence e X 90a -  o r > ( e - f )  64b* -j-e X  9a 
Or e X 8Ia - or /(e-f.f) 64b' -+■ 320d,
I f  e ~  .06 and f  — ,04 we ha ve p r a c t i c a l l y  a - or / I  1/6 b ! -f 66d 
Introducing fa c to r  2/6 as be fore  
a- or y  8/9b' +  44d.
The saving of cq^per is  9/32 a, -  o r )  b'/4 -f* 12 3/8 d. 
Which means that the saving in copper by use o f  a three w i r e ,220 
v o l t  system over a ITO v o l t  three wire system must be g rea te r  than 
one fourth the f i r s t  cost o f  the HO v o l t  three wire machinery, 
plus 12 3/8 times the annual cost o f  power for- 220 vo l t  lamps in 
order to make i t  advisable to use a 220 vo l t  lamp system, as fa r  
as equal r esu l ts  in l i g h t  are concerned.
These results  are independent o f  the number of l im i t s  , 
and depend only on the square of the average distance from the 
s ta t ion  to the l i g h t s .  Where d is t r ib u t io n  o f  power is used in 
connection With l i g h t in g  the advantages o f  220 v o l t  systems are
g rea te r  than ca lcu la ted  above.
The lamps used in the fo l low ing  experiments were k indly
furnished us by the manufacturers. They were a l l  220 v o l t ,  16 candle 
power lamps. Nothing was said by the manufacturers as to whether 
they were furnishing high economy lamps or not.i 'wenty o f  these 
lamps were New Type Edison lamps from the General E le c t r i c  Go., 
twenty were Shelby lamps from Shelby Lamp Go., ana s ix  were a .E.G, 
lamps from the German General E l e c t r i c  Go, Of the la s t  named 
one was broken in t ra n s i t ,  leav ing  f o r t y - f i v e  lamps on which ex­
periments were made. Of these, two Shelby lamps burned out a! oon
the l i f e  t e s t .  Of these eight were Edison, eight were Shelby, and 
four were A.E.G. Eor convenience in re ference  and marking the 
Edison lamps were marked B; the Shelby lamps A, and the Algemeine 
lamps, 0,
t imeter Kruss photometer. The apparatus was a l l  new and gave very 
s a t i s fa c t o r y  r esu l ts .  The secondary standard o f  l i g h t  used was a 
16 candle power, 50 v o l t  lamp. This gave TO candle power at 45.5 
v o l t s .  I t  was standardized by comparison with a standard candle, 
and. checked by comparison with a Methven screen, before using.
I t  was burned at 10 candle power because the candle power w i l l  not 
change as rap id ly  as i t  w i l l  i f  the lamp is burned at i t s  normal 
candle power. This was shown by the f a c t  that the candle power o f  
the standard remained constant during the en t ire  ser ies  o f  expen-
as tionnected in c ircu i  t LTwenty lamps were se lec ted  at random for
The photometric measurements were made with a 500 ben
ments. I t  was checked at in te r va ls  by comparison with a stand­
ard candle.
The in t e r i o r  o f  the photometer room was painted j e t  black 
and everything ins ide the room which could r e f l e c t  the l i g h t  was 
covered with black cloth while readings were being taken. The 
photometer bar was 15 inches high and was placed on a tab le  37 and 
J/% inches high. The photometer screen was 8 and 1/2 inches above 
the bar. In a l l  except the l i f e  t e s ts  the 220 lamp to be tested 
was placed in the socket provided at one end o f  the bar. In the 
l i f e  tests a c i r cu la r  rack was made as shown in the sketch. This 
rack was 30 inches in diameter and the lamps were placed at in t e r ­
vals o f  four inches around the circumference. This rack was arrang­
ed to revo lve  at the end o f  the photometer bar in such a way chat 
each lamp as ic  came be fore  the bar would be over  the zero mark on 
the photometer, and at the same height as the standard lamp. Key 
wall sockets were used in which to place the lanps. In taking read 
ings in l i f e  te s t  a l l  lamps were turned out, excepting the
one to be tested .  A l l  connections were well so ldered.
The current was taken from a 220 v o l t  Jfenney dynano. This 
dynamo developed a short c i r c u i t  in i t s  armature, and had to be 
twice p a r t i a l l y  rewound. I t  was at f i r s t  driven from a 500 v o l t  
Westinghouse motor, bu t 'b e fo re  the l i f e  t es t  began, i t  was belted 
d i r e c t l y  to the l in e  shaft  in the dynamo iatg-atory. In each case
the speed »as f a i r l y  constant, and «.
w e  vo l tage  g iven  by the dynamo
var ied  only a small amount. I t  was thought best, however, to make
a regu la tor  f o r  the current supplied to  the lamps. This regu lator
■
was so arranged that res is tance  was automatica l ly  increased xn the 
lamp c i r cu i t  in case the vo l tage  rose too high, or was automat ic -  
-^11 y deer eased in case the vo l tage  became too low. This was ef-* 
fe c ted  by means o f  a small motor, operated by storage ba t te r ie s ,  
as shown below.
*  a
- v w w w
By inspection of the above sketch i t  w i l l  be seen that the 
current which passes around the magnet B i s  taken from a shunt on 
the main c i r c u i t .  Hence when the vo l ta ge  in the main circuit, 
r i s e s ,  i t  w i l l  cause the magnetism in B to become g rea te r ,  and 
the armature A w i l l  be a t t rac ted .  This c loses the c i r c u i t  through, 
battery  D and armature P, and as there is always a current through 
the f i e l d  k the motor begins to revo lve ,  thus adding res istance
The small wheel attached to the motor armature P, causes a 
la rg e r  wheel b to r evo lve .  To this i s  attached a drum, c, around 
which a cord was wound. This cord passes over the pu l ley  d, and 
is attached to e-k, one o f  the wires o f  the main current. This 
wire terminates in a copper p l a t e , 1, and the main current is com­
p le ted  through the copper sulphate so lut ion  rheostat ,  and the 
copper p la t e  m, As the vo l tage  across the lamps decreases the
e armaturespring C draws th
^ back Unti l  i t  is in the neutral
p o s i t ion  shown in f i g u r e  I .  In case the vo ltage  across the lamps 
becomes too low the spring draws the armature A back, and the c i r  
cu it  is completed through ba t te ry  H and the armature. In this case 
however., the armature revo lves  in the opposite  d i r e c t ion ,  thus 
running res istance inSo^ttr/ c i r c u i t .  In order to regu late  the 
speed, a fheostat  H was placed in the f i e l d  o f  the motor. 'i'he r e s is ­
tance o f  R' was simply four 110 v o l t  lamps, p laced two in se r ies .  
This res is tance was great  enough to cut down the current m  B to 
about one h a l f  an ampere. This current magnetized the iron rod in­
side the so lenoid to the proper degree. This iron rod was made o f
Norway iron, c a r e fu l l y  ahnealed to avoid residual magnetism.
In making the readings care was taken that the vo ltage  
o f  the standard lamp and o f  the 220 v o l t  lamp were p r e c i s e l y  r igh t .
This was e f f e c t e d  by means o f  rheostats in s e r ie s  with the lamps.
The readings o f  both were taken with Weston v o l t  meters. The read- 
. xngs 01 current were taken on a Weston ammeter, No.^ 7^  having a 
ranme ot 0 to one and a h a l f  amperes. The v o l t  meter used on 
the 220 lamps was a Weston instrument, No having a range o f
0 to BOO. i t  was ca l ib ra ted  by comparison with a standard v o l t ­
meter, and found to read c o r r e c t l y  w ithin the l im i t s  used. The ‘ 
v o l t  meter used on the standard lamp, and the milammeter were 
c a r e fu l l y  ca l ib ra ted  in the Physics Laboratory, an? were found to 
have only  n e g l i g i b l e  e rrors .
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The i n i t i a l  experiments were made to f ind the current and 
. C.P. taken by the lamps at various vo l tages .  Prom th is  data the 
to ta l  watts, the watts per candle power, and the hot res istance 
o f  the f i lament were ca lcu la ted .  By the e f f i c i e n c y  o f  a lamp i s  
meant the i n i t i a l  watts per candle power consumed. In the above 
tes t  the lamp was placed so that the plane of the f i lament was at 
r igh t  angles to the d i r e c t ion  o f  the photometer bar. The candle 
power thus obtained does not vary much from the mean hor izon ta l  
candle power o f  the lamp, because o f  the form o f the f i lam ent .  The 
forms o f  the d i f f e r e n t  f i laments  are as shown below.
Shelby.
ihe mean hor izon ta l  candle power o f  each lamp was found 
by p lac ing  ’Che lamp in a socket which could be revolved in a hor­
izon ta l  rhiane. Headings o f  candle power were taken f o r  every 50 
degrees azimuth. The mean o f  the twelve readings thus obtained 
g ives  the mean hor izon ta l  candle power. Curves were p lo t t ed
showing the d is t r ib u t ion  i n di f  Pavo.-,* a .
in d i f f e r e n t  d i r ec t ions  in the hor izonta l
plans. Curves were also p lo t t ed  showing the increase in to ta l  wa-L
watts consumed, watts per candle power, candie power,ana. hot r e s i s ­
tance o f  f ilanient^with increase o f  v o l ta g e .  The vo l tage  was varied 
by steps o f  ten v o l t s  from 150 to 200 v o l t s ,  and then by steps 
of f i v e  vo l ts  up to 220 v o l t s .  Readings were taken at each step.
In f ind ing  the spherica l  candle power the lamp to be 
tested was placed in a socket which could be revolved in both a 
v e r t i c a l  and a hor izon ta l  plane.
In order to show the d is t r ib u t io n  in v e r t i c a l  planes 
curves were drawn showing the d is t r ib u t ion  in a plane p a r a l l e l ,  
ana in a plane perpendicular tosheplane o f  the f i l a m s i t  f o r  one or 
each kind o f  lamps. The d is t r ib u t io n  may be assumed to be similar 
fo r  each lamp having the same shaped f i lam ent .
The mean spher ica l  candle power o f  an incandescent lamp 
is  equal to the sum o f  the i l lum inat ions  received by a sphere o f
radius equal I ,  ( concentric with the source o f  l i g h t ^  d iv ided 
by the surface o f  the sphere. Or i t  is  the in tens i ty  or the l i g h t  
rendered uniform, i . e .  rad ia t ing  luminous rad iat ions o f  equal mien, 
s i t i e s  in a l l  d i r e c t io n s .  The mean horizontal candle po »er was 
found at in te rva ls  o f  SO degrees a l t i tu d e ,  twelve readings being
taken f o r  each plane. The mean o f  each set  o f  twelve readings 
m u lt ip l ied  by the area o f  the zone whose base, ( o r  bases, in the
base Of po la r  zones,, l i e  at a distance o f  ! b  d ^ r e e s  from the set,
g iv e s  the i l luminat ion which that ™.vxtj.cn tnat zone rscPivoo i,„
VvS- Hence the Sum o f
the above products g ives  the i l lum inat ion  which the sphere oi* unit
radius rece ives .  ihe sum of these products is equal to the mean
spherical candle power, and is  equal to ,0170 I + yo°-$-. 1 2 9 4 I +
60® +  .2240 I *30 °+ ,2588  I  4 0° .2242 1 -30* +  .1204 I
0
- 60 , where I is  the mean hor izon ta l  in t en s i ty  in the various
planes.
One o f  each se t  o f  lamps was subjected to a smashing 
t e s t .  The vo l tage  o f  a 500 v o l t  c i r c u i t  was cut down by means
of  rheostats, and the lamps connected in the c i r c u i t .  The vo ltage
was then raised so that the smashing po i j i t  o f  t re lamps was reach­
ed in about twenty seconds. The resu lts  were as fo l lo w s :
Ihe Shelby lamp broke at 455 v o l t s  and .6 50 amperes,
Ihe F d i s o n 1 » 555 " " 850 "
The A.B.G. " « » 320 " » .7 ao "
The lamps tested were a Wo.9, B Wo. l y ,  6: 0 No. o 
The maximum watts per candle power consumed by the Sheib, 
lamps was 5.06: the minimum,2.92, and the average was 3 . a .
The Edison lanps were much more uniform. The maximum
watts per candle power being 4.02, the minimum,5.28, and the av­
erage 3.67,
~ne A.E.G. lamps the maximum watts per  candle power
was 3.67; the minimum 3.32. The average fo r  tv *  pi
Io r  the f^ve lamps tested
was 3.5 watts per canale.
CHARAO'i'ERIS TTU OE LAMP A. No. r
Watts W atts Pho torn te r Rdgs. Recip Res .
Vo lts , Amp • PerCP 1 s t 2nd Av. Ratio rocal o.p . Ohms
150 .190 2 8 .5 18. 5 84 85 8 5 .5 6 .7 1 5 .1589 1 .5 4 789
160 .202 5 2 .5 12 .6 99 101 100 4 .0 0 0 .2  500 2 . 58 792
T70 .220 5 7 .4 9 .6 0 116 1X5 I I 4 . 5 2 .6 2 5 .579 5 o .9 0 772
ISO .258 4 2 .8 6 .91 129 155 151 1 .660 . 6024: 6 .20 7 j6
190 .254 4 8 .2 5 .1 5 144 142 145 1 .2 0  5 .8500 8 . 5o 748
200 .270 54.0 4 .4 7 I  54 158 I  56 .8  52 I .  174 12.09 7 4 l
20 5 .278 57.0 4 .59 158 160 159 .787 1 .2 7 1 15.00 747
210 .286 60 .0 5 .9 0 167 165 165 . 669 1 .49  5 I  o. 40 7oo
215 .296 6 5 .6 5 .5 2 169 175 171 . 569 1 .7  57 18.10 727
220 .502 6 6 .4 5 .0 4 181 17 5 178 .470 2 .1 2 8 2 1 .9 2 728
Maan Hor. C'. P , o f lamp A. No. I
Angles Photometer Rdgs. Recip -
Degrees 1st 2nd Av Ratio roca l c .p .
0 176 179 177. 5 .476 2.098 21.59
50 180 176 178 .470 2.127 21.9160 172 177 174. 5 . 517 1.954 19.8290 177 172 174. 5 . 517 1.954 19.82120 17 5 180 177.5 .476 2.098 21.59I 50 181 177 179 .457 2.188 22.54ISO 176 180 178 .470 2.127 21.90210 181 17 5 178 . 470 2.127 21.90240 172 176 174 . 524 1.908 19.65270 175 171 175 . .559 1.8 55 19.11500 175 178 17 6. 5 .489 2.042 21.05550 179 176 177.5 .476 2.098 21.615 60 175 179 177 .485 2.070 21.52
Mean Hor C. P. - 21.06
Mean Spherical C. P. 18.85

CHARACTERISTIC OF LAMP A. No.2
Watts Watts Photometer Rigs. Ratio Recip- C.P. Res.
Volt s . Ami) • Per CP 1st 2nd Av. ro cal Ohms
150 .190 28,5 18.5 85 84 84. 5 6. 50 .1538 I ,  54 790
T 60 .205 32.8 12.0 5 10 T 105 103 3.66 .2732 2.73 780
170 .2X8 37.0 9.60 116 JI4 I I 5 2.59 . 5(861 3.86 779
ISO .253 41.9 6. 55 128 133 135. 5 1.56 .6410 6,41 774
Tgo .252 47.8 5.61 T45 143 144 i . 173 .525 8. 55 7 54
200 .270 5^ t.O 4.72 153 157 I 55 .87 5 I . I4 5 I I .  43 741
205 .278 57.0 4.08 164 161 162,5 .716 1.397 13.97 738
210 .286 60.0 3.62 167 171 169 .601 1.664 16.64 734
215 .292 62.6 3.24 176 173 174.5 . 517 1,934 19.04 736
220 .30 5 67.2 2.99 178 182 180 . 444 2.252 £2.52 721
Mean Hor. c. p . o f  Lamp A. No. 2
Angles Photometer Rdgs Recip- t
Degrees 1st 2nd Av Ratio ro ca i G F
0 178 182 180 .444 2.252 22. 52
30 180 177 178. 5 .463 2.160 21,60
60 174 178 176 .496 2.016 20.16
90 179 176 177.5 .476 2.101 21.01
120 177 183 180 .444 2.252 22. 52
150 182 179 T8I.5 .426 2.381 23,81
180 181 183 182 .420 2.367 23.67
210 180 177 178. 5 . 463 2,160 21.60
240 173 177 17 5 .510 1,961 19.61
270 * 181 17 6 178.5 .463 2.160 21.60
300 179 183 181 .432 2.315 23 .1 5
330 187 184 185. 5 .381 2.625 26.25
360 178 182 180 .444 2.252 22.52
Mean Hor. 0. P. r  22.31
Mean Spherical C. P. -

CHARACTERISTIC 0? LAMP A No. 3
Watts Wat ts Photometer Rdgs . . Ratio Recip­ G.P. Res.
Vo lts .Amp . Per CP 1st 2nd Av. rocal « Ohms
T 50 .185 27.4 20.8 80 SO 80 7.56 .1323 1.32 811
T 60 .203 32. 5 13.7 97 99 98 4.25 , 2o 2,35 788
T70 .218 37.1 10.6 112 I I I I I I . 5 2.86 .0497 3. oO 780
180 .233 41.9 7.47 127 130 128.5 1.78 . 06 j 8 5.62 773
190 .252 47.8 6,24 142 138 140 1.306 .7657 7 . 66 7 54
200 .266 53.2 4.93 151 155 153 .923 1.083 10.83 7oI
205 .272 55.7 4. 56 I 06 I 59 I 57.5 .819 1.221 12.21 7 oo
2T0 .281 58.8 4.16 165 161 163 .706 1.416 14.16 747
215 .294 63.2 3.70 168 172 170 . o85 1.709 17.09 7o2
220 .301 66.2 3.42 176 173 174.5 . 517 1.934 19.04 731
Mean Her, C. P . o f Lamp. A . No. 3. •
Angle Pho cometer Rdgs. Recip-
Degrees 1st 2nd Av Raxic ro c al c .p •
0 176 173, 174. 5 .517 1.934 19. 34
30 172 T74 173 .539 1.855 18. o5
60 168 167 167.5 . 626 I .  597 I 5. 97
90 169 166 167.5 .626 1.597 15. 97
T20 17 T 173 172 . 554 1.80 5 18. 05
150 173 169 I7T . 569 1. 7 57 17. 57
180 171 174 173. 5 .547 1.828 IK. 28
210 169 168 168. 5 .609 1,642 16. 42
240 167 169 168 .617 • I . 621 16. 21
270 169 166 167.5 .626 1.597 15. 97
300 168 171 169.5 .593 1.686 16. 86
350 170 168 169 .601 1.664 16. 64
360 169 172 170.5 . 577 1.733 17. 3o
Mean Hor. C. P - 17. 17 %








sod - M e a n  H or. c -p .
CHARACTERISTIC OF LAMP A No . 4
Wat is Watts Phonometer Rdgs , Ratio Rec ip Re s
Vo lts .Amp . P ex-CP 1st 2nd Av . roca l o.p . Res
150 .19*0 28.5 14.3 94 91 92.5 5.03 . 1988 1.99 790
160 .206 33.0 12.5 102 101 I0 I . 5 3.82 .2682 2,62 776
170 .223 38.0 8.2 120 123 121.5 2.16 .4630 4.63 762
ISO .254 42.1 7 .78 128 126 127 1.85 . o 40 5 5.41 770
190 .260 49.4 5.35 14 .3 149 147 1 .083 .9234 9.23 751
200 ,267 53.4 4.14 161 158 I 59.5 .776 l. 288 12.90 7 4o
20 5 .282 57.8 3.97 163 I 6.5 164 . 688 1,46 3 14 . DO 72 6
210 .294 61.7 3.47 173 170 171.5 . 562 1.780 17.80 714
215 .302 65.0 5.23 178 174 176 .49 6 2.016 20.16 712
220 ,311 68.4 2.92 180 183 181.5 . 426 2.347 23.47 70 6
Mean Hor. C. P. o f  lamp A. :No . 4
Angle Photometer Rdgs Recip­
Degrees 1st 2nd Av Ratio rocal c. p .>
0 173 178 17 5. 5 . 503 1.988 20.38
30 179 174 176. 5 .490 2.042 21.05
60 171 174 172. 5 . 547 1.829 18.84
90 17 5 172 173. 5 . 532 1 .881 19.16
120 174 178 176 .49 6 2.016 20.76
r 50 179 176 177 . 5 .476 2.098 21.71
ISO 17 5 179 177 .483 2.070 21.32
210 177 173 17 5 . 510 1 .9 61 20.22
240 173 169 171 . 569 1.7 57 18.10
270 173 170 171, 5 . 562 1.780 18.33
300 171 176 173. 5 . 532 1 .881 19 .35
330 178 174 176 ,496 2.016 20.76
360 173
CO 17 5. 5 . 503 1.988 20,58
Mean Hor. C. P. — 20.02
Spherical 0. P . - J7. 94

CHARACTERISTIC OF LAMP A. No. 5
Vo lts .Amp .
Watts Watts 
Per CP








150 .190 28.5 23 ,1 79 77 78 8.10 .1235 1.24 790
160 .205 32.8 16.3 92 94 93 4.9 5 .2020 2.02 780
170 .220 37.4 I I .  7 109 10* 108. 5 3.12 , 320 5 3.20 7 73
ISO .240 4o. 2 8.17 123 12 5 124 2.01 . 49 7 5 4.98 7 50
190 .255 48.4 7.12 137 134 135. 5 I .47 . 6803 6.80 744
200 .268 53.6 * 5.97 148 144 146 1.113 . 8984 8.98 746
20 5 .280 57.-i 4.96 153 158 I 55. 5 .864 I . I 57 I I . 57 732
210 .290 60.8 4.54 159 163 161 .745 1,342 13.42 724
215 .300 64. 5 4.15 168 165 16 6,5 .644 I . doo 15. 53 717
220 .306 67.3 3.78 169 T74 171.5 . 562 1 .781 17.81 718
Mean Hor. C. P. o f 1 > No . 5
Angle Pho t ome te>* Rdgs . Rec ip -
Degrees 1st 2nd Av Ratio roc al C.P.
0 167 164 16 5.5 . 662 1 .511 16, 56
30 164 168 166 . 654 I . o29 I 0.7 o
60 166 162 164 . 688 l . obo 16.00
90 161 166 163,5 .697 1 .43 5 I o, 78.
120 168 165 166, 5 . 644 1.556 Ib.00
150 165 IJ9 169 . 669 1 .4W 5 1 5. 40
180 169 166 167.5 . 626 I .  598 1 o. 42
210 16 5 168 167.5 . 626 1.59 * I 5.42
240 166 163 164.5 .678 1 .423 14. 62
270 161 166 163.5 .69 7 1.455 I 5. 78
300 167 164 16 5. 5 , 662 1.511 I 5. .56
330 165 169 167 .634 1.577 16,26
360 168 163 16 5. 5 .662 1.511 I 5. 56
Mean Kor, ic. P. - I 5. 40
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300• A i l s a n  f
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CHARACTERISTIC OF LAMP A. No. 7
Watts Wat ts Photometer Rdgs. Ratio Rec ip-~ U P Res
Vo lts .Amp Per CP 1st 2nd Av. roc a l Ohms
150 .200 30.0 21.6 83 80 81.5 7.19 .1391 1.39 750
160 .218 34.9 15.3 9 5 99 97 4.38 .2283 2.28 734
170 .233 39.6 I I  .0 114 I I I 112.5 2.78 • . o 597 3.60 729
ISO .250 45.0 8.33 125 129 127 1.85 . 540 o 5. 40 720
190 . 270 51.3 6.72 142 138 140 1.306 .76 57 7.66 703
200 .290 58.0 5.08 I 54 166 155 .87 5 I . i  43 l i  ,4-0 689
20 5 .29 5 60.5 4.83 160 157 I 58.5 . 798 1.2 53 12. DO 690
210 .307 64. 5 4.26 164 167 165. 5 . 662 I . oi J I 5. 1 1 684
215 .315 67.7 3.86 169 173 171 . 569 1.757 17. 57 683
220 .321 ? 1.6 3.55 178 17 5 176.5 .490 2.041 20.41 68 y
Mean Hor. C. P. o f Lamp A. No. 7
Angle Phot one ter Rdgs Rec ip-
•peg rees 1st 2nd av Ratio rocal c.R.
0 173 170 171.5 . 562 1.780 18.34
30 res' 173 170.5 . 577 1.733 17.85
60 170 167 168. 5 .609 1.642 16.90
90 165 171 168 .617 I .  621 16.70
120 173 170 171.5 . 562 1.780 I8.o4
150 172 177 174.5 . 517 1.934 19.91
ISO 173 169 171 . 569 1 . 7 57 18.10
210 170 173 171.5 . 562 1.780 18.34
240 170 16 6 168 .617 1 . 62.1 16.70
300 174 169 171.5 . 562 1 . 780 18. o4
270 167 170 168.5 . 609 1.642 16.90
330 169 173 171 . 569 I , 7 57 18.10
360 173 170 171 .5 .662 1.780 18.34
Mean For. 0 . P . - .. h7.91
Mean Spherical 0. P . = 1 6 .06
/Le>
L a m p  J
\ro/fa<?e.









300° NiQan Hot. cp. /7-9J
CHARACTERISTIC OP LAMP A. No 8
Watts Watts Photometer R gs,• Rsc ip- G P • • Res.
Volts .Amp • Per CP 1st 2nd Av Ratio roca l Ohms
T 00 .201 30.1 20.2 85 82 83.5 6.72 . 1488 1.49 746
T 60 .220 35.2 12.9 102 104 103 3 . 66 .2732 2.75 727
T70 .240 40.8 9.45 T 20 US T j 9 2.31 .4329 7o8
ISO .2 57 46.3 7.41 •130 135 132.5 1.60 . 62.50 6.25 701
T90 ,273 51.8 5.92 147 143 145 1.142 .87 57 8# 76 696
200 .290 ■58.0 4.89 T 59 154 X56.5 .841 • 1.189 XI .89 690
205 .298 61.0 4.08 163 167 165 .669 1.49 o ±4.95 687
2X$> .308 64,6 3.72 169 T72 17 3.5 . 577 1. 75o 17. oo 682
215 .320 68.7 3.42 178 174 176 .49 6 2.0X6 20.16 672
220 .330 72.6 3.0 5 180 184 182 .420 2.381 23.81 667
Mean Hor. C. o f 1 amp a  . No . 8
Angle ■) Photometer Rigs. Re^eip
Degrees 1st 2nd Av Ratio roca l c.p .
0 171 175 173 . 539 1.855 19. XO
30 176 173 174. 5 , 517 1.934 19.95
60 169 173 171 . 569 1.7 57 X8.X0
90 174 172 172. 5 .547 1.829 18,85
T20 17 5 177 176 .49 6 2.016 20.72
T 50
\
178 17 S 176. 5 .490 2.042 21.03
180 172 178 171 .510 1,961 20.20
2T0 176 172 174 . 524 1.908 19.65
240 171 17 5 173 . 539 X .8 55 19.10
270 177 T73 17 5 . 5X0 I.96T 2(0.20
300 17 5 179 177 .483 2.070 21.32
330 178 T76 T77 .483 2.070 21.32
360 T72 T74 173 . 539 X .8 55 19.10
Mean Hor. C. P. r  T9.90
Mean Spherical C. P. - 17. 85
T /
#
CHARACTERISTIG OH LAMP A No. 9
Watts Watts Pho coma ter Rdgs. Re cip-■ C.P. Res.
V o lts .Amp • PerCP 1st 2nd Av. Ratio ro c a l Ohms
150 .19 5 29.3 21.4 82 80 81 7.51 , 1368 I , o9 770
160 .204 32.6 15.7 95 95 94 4.80 .2085 2.08 784
T70 .222 37.8 10.8 T i l 112 I I I . 5 2.86 .049 6 3, oO 766
T80 .240 43.2 8.57 127 122 124. 5 1.980 ' . 50 o 7 5.04 7 oO
190 .260 49.4 6.44 138 T42 140 1 .306 .76 o7 7.66 732
200 .270 54.0 5, 55 150 148 149 i .027 .9757 9.74 740
20 5 .280 57.4 4.83 164 159 I 56.5 .841 1.189 11.89 742
210 .290 60.9 4.19 166 162 164 .688 1,453 14.63 724
215 ,500 64.5 5.68 169 173 171 . 569 1.7 o'i 17.57 717
220 .306 67.3 3.43 177 173 17 5 .510 1.961 19.61 720
Mean Hor. C. P. «e f Lanp A. No. 9
Angle Pho tome ter Rdgs. . Recip­
Degrees 1st 2nd AV Ratio roca l O.P.
0 169 m 170 . 585 1.709 17.60
30 170 174 173 . 554 1.805 18. 57
60 170 T 67 168. 5 .609 1.642 16.92
90 167 170 168, 5 .609 1.642 16.92
120 173 169 171 . 569 1.7 57 18.10
150 171 174 172.5 . 546 1.829 18.68
180 169 166 167.5 . 626 1.598 16.46
210 T 66 171 168, 5 .609 1.642 16.92
240 168 164 166 .644 1.555 16.00
270 16 5 172 168.5 .609 1.642 16.92
300 172 167 169.5 .593 1.686 17.34
330 T69 17 5 172 . 554 1.805 18.60
360 172 168 170 . 585 1.709 17.60
Mean Hor. C. P. * 17.43











Lam  / f
3oo* Mean Hot. / 7 .4 3
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CHARACTER IS '£ 10 UR LAMP A. No. 10
Watts Watts Photometer Rdgs Recip Res.
V o lts ;Amp . PerCP 1st 2nd Av Ratio ro c al o.p . Ohms
150 .168 25.2 33.10 ' 66 64 6 5 13.10 .0763 .76 894
160 .180 28.8 21.80 81 79 80 7.56 . Io2o I , o2 888
170 .200 34.0 16.80 92 94 93 4.9 5 .2020 2.02 8o0
rso .212 38.2 12.06 I TO T06 108 3. X 6 .3X64 3.16 849
190 .226 42.8 9.40 1X9 123 121 2.19 . 4566 4. 06 84l
200 .240 48.0 7.87 f 33 130 IS I. 5 T. 64 .6098 6.10 834
205 .244 50.1 6.90 136 T 40 T 38 1 , 08 .7246 7.25 8*0
2T0 .2 5 5 53,5 5.94 148 144 146 I . I I 3 .8985 8.98 824
2T5 .266 57.2 5. 56 153 149 I 51 .974 1.027 10.27 808
220 .270 59.4 5.06 I 54 158 156
•
. 8o2 1 .174 n  .74 815
Mean Hor C P o f  :Lamp A. No. 10 •
Angle Photons te r Rdgs Recip
Degrees 1st 2nd Av, Ratio roca l o .p .
0 150 152 T5T .974 1.027 10.57
30 T 50 T 52 I5T .974 1.027 10.57
60 -151 r 49 T 50 I .000 1.000 10.30
90 150 144 147 I .083 .92o 9.50
120 150 153 I5T. 5 .961 1 .041 10.72
T 50 151 156 153. 5 ,9 H 1.098 11.31
T80 155 I 51 153 .923 X. 083 I I . 15
2T0 151 156 I 53. 5 .911 1.098 I I . 31
240 151 146 148. 5 I .041 .961 9.90
270 147 T5I 149 I .027 .974 10.03
300 153 151 152 .948 1.055 10.87
330 T49 153 151 .974 1.027 10. 57
360 153 149 151 .974 1.027 10.57
Me an Hor 0. P. - 10 .64
Mean Spherica l C. P. - 9 . 1 3

MAEK HORIZONTAL C.P. OF LAMP A. N o . I I
Anri e Pho tometer Rdg s r , e c ip -
•nerrees 1st 2nd Av. ro cal O.P.
0 I7o 17 5 172.5 . 547 1.828 18.28
30 177 17 5 176 .496 2 .0 16 20.16
60 167 171 169 .601 1.663 16.63
90 170 166 168 .617 I .  621 I 6*21
T20 167 173 170 . 585 1.709 17.09
T .0 177 173 17 5 . 510 1 .961 19.61
180 169 173 171 . 569 1.7 57 17.57
2IC 172 170 171 . 569 1.7 57 17.67
240 165 170 167.5 .626 I .  59 7 15.97
270 170 T 66 168 .617 I .  621 16 .2 l
300 166 173 169.6 . 593 1. 686 16.86
330 17 5 171 173 . 539 1.855 18, o5
360 170 17 5 172. 5 . 547 1.828 18.28
Mean Hor. C.P. r 17.56 
Mean Spher ica l O.P. - 15.74 
A^p . at 220 v o l t s  - ,285 
Watts at 220 v o l t s  5 , - -  62.7 
Watts p er  C.P. at 220 vo lts= 3 ,4 3  
Res is tance  at 220 vo lts=772 . Ohms.
MEAN HORIZONTAL C.P. OF LAMP A. No. 15.
Phot cmeter Rdgs Ra tie re cip-
1st 2nd AV. ro cal C P
184 181 182. 5 .414 2.415 24.15
181 184 182.5 .414 2.415 24.15
T8T 178 179.5 .450 2.222 22.22
179 182 180.5 .438 2.283 22.83
T82 179 181. 5 .426 2.o47 23.47
181 186 183. 5 .403 2.481 24.81
184 182 183 .409 2.445 24. 45
181 178 179.5 .450 2.222 22.22
179 17 5 177 .483 2.070 20.70
179 182 180.5 .438 2.283 22.83
182 180 181 .432 2.309 25.09
182 186 184 .397 2. 519 25.19
183 180 I8T .5 .426 2.347 23.47
Mean Hor. C.P. - 26.76
Mean Spherica l C .P .r  21.66
Amp. at 2 2U v o lts  r 0
watts at 220 v o lts  -7 0 .4
Watts per C.P. at 220 voltsrd.OO
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Angle Pho tom eter Rdgs
a g r e e s 1st 2nd Av.
0 T70 174 172
30 176 T72 174
60 170 172 171
90 170 168 169
120 169 174 171.5
150 172 170 171
180 X72 174 173
2T0 17 5 171 i 73
240 170 174 T72
270 169 16 5 167
300 169 172 170.5
330 174 171 172. 5
360 170 174 172
P . OF LAMP A. No. 14.
Ratio Recip­
ro ca l C P • *
. 554 1.805 18.05
. 524 1.908 19.08
. 569 1.7 57 17.57
.601 1.664 16.64
. 562 1.776 17.76
. 569 1.7 57 17.57
. 539 1.855 18, 55
. 539 1.855 18.50
. 004 1.805 18.Oo
.634 1.577 16.77
. 577 1.730 17. oo
. 547 1,828 18.28
. 544 1.805 18.0 5
Mean Hor. C.P. - 17.76
Mean Spherica l C.P. - 15.92
Amp. at 220 v o lts  - .540
y/atts at 220 v o lts  -74 .7
^a tts  per C.P. at 220 V o lts  - 4.14
Resistance at 220 v o lts  •= 647. Ohms.
MEAN HORIZONTAL C.P, OF LAMP A. No. 15
Photometer Rdgs A a tio rec ip -
1st 2nd Av. ro c a i 0.P .
169 16 5 167 .634 I .  577 I 5. 77
167 169 168 .617 I .  621 16.21
164 162 163 .70 6 I .*16 14, 16
F62 166 164 . 688 1.453 14. 53
167 163 165 .669 1.49 5 14.9 516 5 170 167.5 .626 I .  597 15.97T 67 164 16 5. 5 . 662 I .  511 I 5.1J
16 5 167 166 .654 I .  529 15.29164 161 162, 5 .716 1.397 13.97161 16 5 163 .706 1 .416 14.16166 16 5 166.5 .644 1. 553 I 5. 54167 170 168.5 . 609 1.642 16.42




Mean Spherica l C, P . - '1 3 .60
Amp. at 220 v o lts -  .250
Watts at 2 20 v o lts  = 55.0
Watts per C. P. at 220 v o lts  - 3.49
Resistance at 220 vo lts-880 Ohms .





























Mea/7 Hor. /S. /?
\MEAN HORIZONTAL 0. P . OP LAMP A. No. 16.
Anrle Pho t cme ter R gs R a t i o Recip­
T,egrees 1st 2nd A v . roca l C.P.
0 174 177 17 5,5 . 503 1.988 19.88
30 178 176 177 .48 o 2.070 20.70
60 173 17 5 174 . 524 1.908 X 9.08
90 177 173 175 .510 1 .961 19.61
T20 17 5 179 177 .483 2.070 20.70
T 50 181 179 180 ,444 2 . 52 22. 52
180 17 5 179 177 .483 2.070 20.70
210 T78 17 5 176, 5 .490 2.041 20.41
240 T7I 175 173 . 539 X . 8 5 5 18. 55
270 176 174 17 5 .510 1 .961 19.61
300 17 5 179 177 .483 2.070 20. 70
330 179 T77 X 78 .470 2.128 2X.28
360 17 5 179 177 .483 2.070 20.70
Me an Hor. G. P .- 20. 31
Mean S p je r ic a l C. P . = 18.40
Agip. a t  220 vo l t s - .29 5
Watts at 2201 VO I t s -  64.9
Watts p er C. P. at 220 v o lts  - - - 
Resistance at 220 v o lts  - 7,46.
5.13
MEAN HORIZONTAL 0. P. OF LAMP A. No. 17.
Anrle Photometer Rdgs,
Degrees Is t 2nd Av
0 17 5 T72 173.5
30 178 176 177
60 173 177 17 5
90 174 170 172
120 172 177 174. 5
150 179 17 5 177
180 172 177 174. 5
210 17 5 171 173
240 170 174 173
270 170 167 168.5
300 T70 174 172
330 177 173 17 5
360 T72 17 5 173.5
• Mean Hor 0. P. r 
Mean Spherica l 0. 
Amp. at 220 v o lts  
Watts at 220 V o lts  
Watts per O.P. at 
Resistance at 220
Recip-
Ratio ro cal O.P.
. 532 1.880 18.80
.483 2.070 20.70
. 5X0 X. 99 6 19.96
. 554 1.80 5 18.05
. 517 1.934 19.34
.483 2.070 20. 70
. 5X7 1.934 19.34
. 539 T .855 18 ,5o
. 554 1.80 5 18.0 5
.609 1.642 16.42
. 554 1.805 18.05
; 5io 1.996 19.96





220 v o lts  ^ o.49 
v ol t s - 7 58 Ohms .
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1,00* M ean  H on  c.p
£70“
MEAN SPHERICAL C.P . OP LANIP A. No .18.
Pho t >-me t er Rdgs ft-a tie pe cip
1st 2nd Av. roca l C.P .
T77 180 188.5 . 466 2. J 60 21.60
178 17 5 176.5 .489 2.04 5 20.40
T72 17 6 174 . 524 1.908 19.08
174 171 172. 5 . 546 1.850 18.50
176 178 175. 5 . 506 1.988 19.88
179 17 5 177 .485 2.070 20.70
T74 179 176. 5 .489 2.045 20.4o
172 17 5 176.5 . 5o 2 1.88 i 18.81
172 170 171 , 569 1.7 57 17.57
171 177 T 74 . 524 1.908 19.08
X8I 178 179.5 .450 2 .222 22.22
174 178 176 .49 6 2.016 20. 16
Mean Hor. C.P. r  19.88
Mean Spherica l r - . 17.80
Amp. at 220 v o lts  ~ .600
Watts a t 220 v o l t s —66,0
Watts per C.P. at 220 V o lts  — o .28
Resistance at 220 v o lts  765 .Ohms.
MEAN HORIZONTAL 0. P OF LAMP A. No. 19
Angle Pho t, cm ete r Rdgs. Ratio Recip-
Degrees 1st 2nd Av ro cal o .p .
0 174 171 172.5 .547 7.828 78.28
30 173 178 77 5. 5 . 503 1,988 79.88
6 0 173 170 171,5 . 562 7.779 77.79
90 789 17 T 770 . 577 7.733 77.38
T 20 173 T7I 772 . 544 1.838 78.38
150 174 176 J 7 5 . 510 7.967 79.67
ISO 17 6 173 774. 5 .577 7.954 79.54
210 173 771 772 . 544 7.888 78.88
240 J7I 773 772 . 544 7,888 78.88
1:270 179 172 77 5. 5 . 503 7.988 79 . 88
300 171 772 778 . 539 1.8 55 78.55
330 178 17 7 777.5 .476 2.707 27.07
360 172 77 5 773.5 , 532 7.880 78.80
Me an Ho r , 0 . P. - 78,90
Mean Spherical 0. P. = 7 6.95
Amp . at 220 V ol t s = .370
Watts at 220 sjlts r 6^,8
Wat ts p or OP at 220 v o l t s -3 ,4 0
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3oa o M  egnMor.cp. 90
mean horizontal g.p OF LAMP A. No. 20
Jungle Pho tome te r Rdg s . Ratio Recip­
Decrees 1st 2nd Av roca l G.P.
0 17 5 T73 174 . 624 1.908 19.08
30 T7 6 172 173,6 % aj 1.880 13.80
60 169 17 T 170 . 68 6 1.709 17.09
90 171 168 169,5. . 096 1. 686 i 6.86
120 T70 174 172 . . 6o4 1.80 6 18.06
T 50 176 173 174. a .617 1.9 54 19.64
180 174 172 175 . 659 1.8 56 18. 55
210 170 17 2 171 . 669 1.7 57 17. 67
240 170 168 I 9 .601 1.664 16.64
270 168 172 170 . 58 5 1.709 17.09
300 172 170 171 . 669 1.7 57 17.57
330 171 174 172. 5 . 647 1.828 18.28
360 172 174 173 * . 539 1.855 18.55
Mean Hor. C P - 17 91
Mean Spherica l G. P . - 16. 05
Amp at 22o v o lts •= .288
Watts at 220volts -6.5,3 
Watts per C.P at 220 vo lts=5 .42  
'R es is tan ce  at 220 v o lts .-  764. Ohms,
x  .
24o* ^  300• Mean Hon C.p
'^ ===~^  j2$L — M i n i  III
CHARACTERISTIC OP LAMP B. No. I
Watts Watts Photometer Rdgs Recip­ G.P. Res.
V o lts .Amp Per CP Is t 2nd Av Ratio roca l Ohms
150 .172 25.4 24.5 74 72 73 9.70 . 10 o I 1.06 872
T 60 .196 31.3 15.6 90 94 92 5. I I .19 57 2.02 816
170 ,207 35.2 12.0 106 103 104.5 3.49 .2861 2.95 820
180 .222 40.0 8.98 116 122 I 19 2.51 .4550 4.46 81 i
T90 .236 44.8 6.99 154 13I 152.5 1.60 . 62 oQ 6.44 80 5
200 .253 50.6 5.63 144 148 146 1. 145 .8749 9.01 790
205 , 265 54.3 5.14 155 149 151 .974 1.027 10,58 782
210 .272 57.1 4. 59 158 162 160 .76 o 1.507 13. 46 773
215 .280 60.2 3.92 167 163 165 .669 1.49 5 15,40 769
220 .290 63,7 3.58 169 172 170.5 . 577 1.753 17.85 7 58
Mean Hor. C. P. o f Lamp B. No. I .
Anr"l e Photometer :R ig s , Ra'itio Recip-
neffrees ts t 2nd Av ro ca l n t?
0 T72 169 170. 5 .577 1. 75o 17.85
30 169 174 171. 5 , 562 I .  781 18, o4
60 170 168 169 .601 7.664 17.14
90 165 167 166 .654 1.529 15.75
120 T68 164 166 . 6 54 I .  529 15,75
150 166 170 168 .617 I .  621 16.69
180 17 T 165 168 .617 I ;  621 16,69
210 168 172 170 . 585 1.709 17.60
240 T73 168 170. 5 . 577 1.755 17.85
270 170 167 168, 5 .609 1.642 16, 91
300 T 66 170 168 .617 1.621 16.70
330 170 168 169 . 60 i 1.664 17.14
360 169 173 170. 5 .577 1 .7o3 17.85
Mean Ho r . G. P. - 17.10
Mean. Spheri ca l C. P. - 14 ,25
J3 /
S S  Hot- c.p.
210°
s /
CHARACTERISTIC OP LAMP B. Wo.3
Watts Watts 
V o lts . Amp. PerCP
photometer Rdgs. 





150 .17 5 36.5 25. o 72 74 73 0 -C c c .1031 1.06
160 .190 30.4 17.9 89 86 87.5 5.89 5 , 1696 1.7 5
170 .208 3 5,4 12.0 103 10 6 104. 5 3.49 5 .2861 2.9 5
180 .220 39.8 10.65 118 117 117. 5 2.41 d .4141 4,26
T90 ; 255 44.6 7.80 131 153 132 1.620 . 6173 6.36
200 .250 50.0 5. 55 148 144 146 I .  143 .8749 9.01
20 5 .260 53.3 4,92 150 154 I 52 .948 i , 0 55 10.87
210 .270 58.8 4.74 I 59 I 55 157 .830 I.. 20 5 12.41
215 .278 59. 6 4. II 161 164 162, 5 .716 1.39 7 14.49
220 .286 62.9 3.67 171 167 169 . 601 1,664 17.14
Mean Hor. C. P. o f Lamp B. Ho. 3
Ang-1 e Photom eter Rdgs Recip­
pegrees 1st 2nd Av Ra t io roca l C.P.
0 171 167 169 .601 1 .664 17.14
30 176 171 173.5 . 532 1,881 19.38
60 169 173 171 . 569 1.7 57 18.10
90 171 165 168 .617 I.6 2 I 16.70
120 166 172 Iff 9 .601 1.664 17.14
150 172 169 170.5 . 577 1.730 18.85
180 169 173 171 . 569 1.7 57 18.09
210 169 174 171,5 . 562 1,780 18.33
240 174 169 171. 5 . 562 1 .780 18.33
270 168 165 166,5 . 644 1 . 553 16,00
300 164 172 168 .617 I.6 2 I 16.60
330 172 167 169.5 .593 1,686 17 . 5
360 172 168 170 . 585 1.709 17.60
Mean Ho r. c p — 17.67
























L a m p
30 6* M e a n  H o n  op./7-£>7
2 7 0 *
CHARACTERISTIC OF LAMP B NO. 4
lo lts
Watts Watts Pho tome te r  Rdgs, Ratio Recip- C.P. Res.
.Amp • PorCP 1st 2nd Av. ro cal Ohms
T50 .174 2 6 .T 27.8 69 70 69.5 IX .0 .0909 .94 862
[60 .190 30.4 18.5 87 86 86.5 6 .09 .1642 X.69 84 3
T70 .206 3 5.0 12.6 101 104 102.5 3 .71 .2695. 2 .78 82 5
T80 .220 39.6 10.6 IJ 4 r i2  1x3 2 .74 , 0 6 50 0 .76 818
rgo , 236 44.8 7.23 129 loo lo l I .66 .6024 6.20 806
>00 .250 50.0 6.08 143 I 40 I4 I .5 I .254 .7975 8 .21 800
i05 .259 53.1 5.31 148 152 I 50 I .000 1,000 10 .00 792
>10 . 268 56.2 4.86 157 I 54 I 55,5 .864 I . I5 7  I I .82 784
515 .276 59.3 *4.29 160 162 I6X .745 I.o42  13 .82 778
>20 .282 62.0 4.00 168 163 16 5,5 .662 1.510 I 5. 00 779
Mean Hor. C,, P. o f  Lamp B. No . 4
hagle Photometer Rcigs. Re c ip -
)ep*rees 1st 2nd Av. Rat 10 ro cal G.P .
> y 168 X63 16 5. 5 .662 I . 510 10. 5o
;o 173 168 170. 5 .577 I .75o 17.85
;o 167 17 5 171 . 569 I . 7 57 18.10
to 162 166 164 .688 i . 4o3 14.9 7
‘20 170 166 168 .6X7 X.621 16,69■50 166 170 168 .6X7 I .621 10.51
'80 170 167 168. 5 ,609 I .642 16.91
510 T70 168 169 .601 X, 664 17.14
140 167 171 169 . 601 I .664 17. J 4
:70 r  63 168 16 5, 5 .662 I . 5T 0 X 5. 55
iOO T 68 163 165. 5 .662 T .5X0 15. 55>30 167 T72 169. 5 ,593 I .686 17.56
>60 T68 163 165. 5 .662 I . 5X0 15. 55
Mean Hor, C. P. - 15.93




2 4 6 '
3-6*
c.<?/7^/e /°on)et-




z o o *  M e a n  H o r . o p . / f ^ j
ch aracteristic  op lamp b . no 5
Watts V/at ts Photometer Regs,, Ratio Recip- C.P. Res.
V o lts .Arap ,) PerCP 1st 2nd #AV. ro cal Ohms
150 .178 26.7 24, j : 7 5 7 5 7 5 9.00 , i m  1 .14 842
160 .193 30.9 16.4 92 88 90 5. 44 ,1838 1.88 8o6
T70 .210 3 5.7 12.5 10 5 102 103.5 3.60 5 .2774 2.85 810
T80 .225 40.5 8.61 120 122 121 2.190 .4066 4.70 801
190 .240 45.6 6.88 13 5 132 133.5 1.555 .6430 6.62 79 2
200 .258 51.6 5.29 144 152 148 1.055 .9470 9.76 776
20 5 .265 54.3 4.82 I 52 152 152 .948 1.0 54 10.86 7 74
2T0 .274 57.5 4.46 160 157 158.5 .797 1.2 55 12.92 766
2T5 .284 61.0 4.T9 161 16 5 163. .706 I .4 I6  14.58 7 57
220 .290 63.8 3.73 170 168 169 .601 1.664 17.14 7 58
Moan Hor. C. P. o f  lamp B. No . 5
Anp-le Photometer Rdgs. Recip -
Decrees 1st 2nd Av. Rat io ro ca l C P • •
0 168 170 169 .601 1.664 17.14
30 174 169 171. 5 .562 1.780 18.33
60 170 175 172. 5 . 546 1.830 18.85
90 170 167 168 . 5 .609 1.642 16.91
120 174 169 171. 5 .562 1.780 18.33
T 50 173 177 17 5 .510 I .961 20.20
180 170 T76 173 . 539 2.278 19.10
210 179 174 176.5 .490 2.0^2 21.02
240 170 176 173 .539 2.278 19.10
270 172 169 170. 5 .577 1.733 17.85
300 173 169 171 . 569 1.7 57 18.10
330 170 176 173 .539 2.278 19.10
360 168 170 169 .601 1.664 17.14
Mean Hor. C. P. = 18.67
Mean Spherical C. P. -  15. 56





2 7 o *
S 7
L a m  J3 6
300  * H o r. c-p . (>y
MEAN HORIZONTAL G.P, oh LAMP B. No . 8.
Azimuth Phot ometer Rdgs. Recip­
■negroes 1st 2nd Av. Rati o rocal (3.P
0 170 164 167 .634 1.577 16.,2530 166 171 168.5 .609 1.642 16.,9 560 166 163 164.5 .678 1.473 15.,2090 162 167 164.5 .678 1.473 15. 20T20 169 164 166.5 .644 I .  553 16. 40150 165 172 168.5 .609 1.642 16. 95T80 170 T 67 168.5 .609 1.642 16. 95210 166 170 168 .617 I . 621 16. 71240 166 T6I 163.5 .69 7 1.432 14. 78270 163 166 164.5 .678 1.473 15. 20300 167 164 165. 5 . 662 I.5 IJ 15. 60330 166 169 16 7.5 .626 I .  598 16. oO360 17 T 163 167 .654 I .  57 7 16. 25
Mean Hor. C. P - - — - 16.^4?
Mean Spheri -cal C. P. ~ - - 14.13
Amp. at 220 v o lts — . . . .281
Watts at 220 v o lts — - - — 64.0
W atts  p e r  CP at 220 v o l t s  




Azimuth Pho tome te r Rdgs
Degrees 1st 2nd Av
0 166 171 168,5
30 172 167 169.5
60 165 168 166. 5
90 169 163 166
120 166 T7I 168.5
150 17 5 169 172
180 167 169 168
2X0 171 167 169
240 164 169 166.5
270 167 163 165
300 164 169 166.5/ 
170330 172 168
360 166 T7I 168.5
Mean Hor. C. P. -
Vean Spherical 0.
Amp . at 220 v o l t s
Watts at 220 v o lts  
Watts per OP at 
Resistance at





. 593 1.686 17,35
.644 1.553 16.00
. 6 54 I .  529 I 5, 78
.609 1.642 16.95
. 554 1,80 5 18. o7
.617 I .  61 16.71
.601 1.664 16.9 5
. 644 1,553 16.00
.669 1.49 5 15.40
. 644 I .  553 16.00
. 58 5 1.709 17.60
.609 1.642 16.95




220 v o lts  - 15.68
220 v o lts  -  780. Ohm s
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ZOO* Mean Hot- op. /(>.0/
2 7 0 *
60
CHARACTERISTIC 01'' LA i\P B. NO 7
Watts Wat ts Pho tometer' Rags, ReCip­ Res .
V o lts .Amp ,► PerCP 1 st 2nd Av. Ratio ro ca l o .p . Ohms
T 50 .178 26.7 23.30 73 7 5 7 4 9.30 .1075 1 . 1 1 84o
160 .192 30.7 1 6 . 0 0 92 89 90.5 5.555 .1867 1.92 8o4
170 .208 35.3 rr .18 103 108 10 5. 5 3.59 5 , B9 4 5 5.16 817
180 .22 5 40.5 8 .55 123 1 2 1 1 2 2 2.150 . 469 5 4.74 800
T90 .257 45.0 6 . 6 152 136 134 I .  550 , 6 5o5 6.74 800
200 . 25T 50.2 5.36 149 144 14 6 ,5 1.098 .9107 9 . 0 8 800
205 .262 53.6 4.68 T 55 153 I 54 .899 1 . 1 1 2 l l  .48 783
210 .270 56.7 4.32 157 161 159 .787 1.271 13.10 778
215 .280 60.2 3.76 T 69 164 166.5 .644 1.055 1 6 . 0 1 767
220 .285 62.7 3.28 171 17 5 175 . 539 1.855 19.12 772
Mean Hor. 0. P . o f lamp B. No 7
Angle Photometer p d g  s. Recip .
per rees 1st 2nd Av Ratio roca l C.P.
0 166 173 169.5 . 593 1.686 17.34
30 173 168 170.5 .577 1.733 17,85
60 170 167 168.5 .609 1,642 16.95
90 164 168 166 .6 54 I .  529 15.78
T20 169 16 5 167 .654 1.577 16.25
150 168 172 170 .58 5 1.709 17.60
180 .171 167 169 .601 1.664 17.15
210 168 172 170 , 58 5 1.709 17.60
240 170 166 168 .617 I .  621 16.71
270 164 169 166.5 .644 1,5 55 16.40
300 168 164 166 .6 54 1.529 15.78
330 167 170 168.5 .609 1.642 16.95
360 170 169 169.5 .593 1.686 17.54
Mean Ho r . 0. P . r 16.90
Mean Spherica l 0. P. 14,08
L a m  p  7
V o / f ’a ^ G





O /o/6~ I &0
d~Sa ‘
270<
L a m p  J3  7
ja a ° M e a n  Hor /t>. 90
CHARACTERISTIC OF LAMP B. NO. 9.
Watts Watts Photometer’ Rdgs, Recip - Res.
V o lts .Amp ,> PerCP 1st 2nd. Av. Ratio  roca l c .p . Ohms
150 .172 25.8 25.1 73 73 73 9.70 ,1031 1.06 873
T60 .193 30.9 16.9 91 87 89 5.62 .1779 1.84 82 8
170 .208 35.4 TI .2 109 105 107 3.25 .3077 3.17 818
180 .223 40.2 8. 58 123 118 I2 o .5 2.22 .4 504 4.68 807
T90 .240 45.6 7,08 135 130 132.5 1.60 .6250 6.44 792
200 .252 50.4 5.23 145 150 T47.5 1.069 .9354 9.64 787
20 5 .262 53.7 4.83 155 I 51 153 .923 1.083 I I . 15 783
2T0 .271 56.9 4,41 162 155 158.5 .797 1.254 12.91 77 5
215 .280 60.2 4.05 162 165 163.5 .697 1.435 14.88 768
220 .290 63.7 3.30 172 17 5 173.5 .531 1.889 19.37 7 58
Mean Hor. C. P. o f Lamp B. No. 9.
Angle Photometer rdgs. Recip­
Degrees 1st. 2nd. Av. Ratio roca l C.P .
0 172 175 173.5 .532 T .881 19.40
30 174 I7T 172.5 .547 1.830 18.80
60 166 170 168 .617 I .  621 16.71
90 166 162 164 .688 1.453 15.01
120 166 163 164. 5 . 678 1.473 15.20
T 50 169 162 165. 5 .662 I .  511 15. 56
180 167 171 169 .601 1.664 17; 14
210 171 166 168.5 .609 1.642 16.91
214 167 171 169 .601 1.664 17.14
270 168 163 165. 5 .662 1.511 15.56
300 162 167 164. 5 .678 T.473 15.17
330 170 T 66 168 . 6T 7 1 .621 16.69
360 172 17 5 173.5 .532 1.881 19.40
Mean Hor, C. P. - 16.82






CHARACTERISTIC OF LAMP B, NO. 10.
Watts Watts Photometer Rdg s . Recip­ Res.
V o lts .Amp Per CP 1st. 2nd. av. Ratio roca l c.p . Ohms
150 .178 26.7 23.9 75 77 76 8.69 .1151 1 .19 843
160 .193 30.8 15.7 92 90 91 5.27 . 1898 1.97 83 5
17 0 .205 34.8 IT .8 102 107 104.5 3.49 5 .2866 2.95 £>29
180 .223 40.2 8.78 122 118 120 2.250 .4444 4.58 807
190 .240 45.6 6.28 134 140 T37 1.420 .7042 7.25 792
200 .252 50.4 5. 51 148 T43 145. 5 1 .126 .8881 9.15 794
205 .270 55.4 4.46 153 I6T 157 .83 I .205 12.40 7 58
210 .278 58.4 4.22 165 157 161 .75 I .342 13.83 7 55.
2T5 .286 6T.5 3,83 164 169 166.5 .6441 . 5 53 16.07 7 52
220 .291 64.0 3.39 174 172 173 ..54 I .855 19 .I I 7 55
Mean Hor. C. P . o f Lamp B. Mo. 10
Angle Pho tomet er rd gs . Recip-
Degrees 1st 2nd Av. Ratio ro c al C.P.
0 172 174 173 .539 1,855 19 .11
30 173 177 17 5 .510 1 .961 20.20
60 175 172 173.5 .531 1.886 19.43
90 170 174 172 . 554 1.805 18. 59
120 174 170 172 . 554 1.805 18. 59
150 172 17 5 173.5 .532 1.886 19.45
ISO 175 169 172 . 554 1.80 5 18. 59
210 172 176 174 . 524 1.908 19.65
240 17 5 170 172.5 . 547 1.830 18.85
270 169 173 171 . 569 1,757 18.10
300 174 169 I7 T . 5 . 562 1 .781 18.34
330 171 177 174 .524 1.908 19.6 5
370 174 172 173 .539 1.8 55 19. i  r
Mean Hor. C. P 19 .04
Mean Spherica l C. P .= 15.87
2o. &






2  70' 
66
Lam p B  J o
joo* M ean Ho nop* 79.04
BjdsTOHi
CHARACTERISTIC OP LAMP NO. I I
Watts Watts Photometer Rdg s. Ratio Recip- C.P, Res.
o cf CO .Amp PerCP 1st 2nd Av.
J
roca l Ohms
150 .173 26.9 23.4 72 76 74 9.30 .1075 I . I I 898
160 .192 30.7 16.0 92 89 90. 5 5.355 .1867 1.92 834
170 .202 34.3 12.2 101 105 103 3.66 .2732 2.82 842
ISO .221 59.6 9.20 120 .116 118 2.38 .4201 4.32 815
190 .235 44.6 7.40 128 132 130 1 .71 .5847 6.02 808
200 .250 50.0 5.68 146 142 144 1,173 .8525 8.78 800
205 .257 52.7 5.06 153 148 150. 5 .987 I . 013 10.43 797
210 .268 57.2 4.31 155 161 159 .787 I . 271 13.09 784
215 .278 59 .8 4.08 160 166 163 .706 1,416 14.68 779
220 .282 62.0 4.02 163 167 16 5 . 669 1.495 15.30 780
Mean Hor, C. P. o f Lamp B, No. I I .
Angle Photometer rdgs. Recip­
Decrees 1st 2nd. Av Ratio roca l o.p .
0. 163 167 165 .669 1,495 I 5. 30
30 171 167 169 .601 1,664 17.14
60 166 170 168
•
.617 I . 621 16.71
90 167 164 165. 5 . 662 I .  511 15. 56
120 16 5 169 167 .634 1.577 16.24
150 170 16 5 167. 5 .626 . I .  598 16,46
ISO 160 164 162 .726 1.377 14.18
210 171 167 169 .601
.634
1.664 17 .I I
240 165 169 167 I .  577 16.24
270 167 163 165 .669 1.49 5 15.40
300 163 168m 165. 5 .662 I .  511 15. 56
330 170 166 168 .617 1 .621 16.71
360 163 167 165 .669 1.49 5 15.30
Mean Hor. C P - 16.05


















MEAN HOR. C P OP LAMP B. NO.12.
Photometer Rdgs . Recip .
1st 2nd Av. Ratio roca l o. P.
164 168 166 .654 1.529 15. 78
T 69 165 167 .634 1.577 16. 25
T 63 168 16 5. 5 .662 I .  511 15. 60
T 67 162 164. 5 .679 1.476 15. 20
T 63 169 166 .654 1.529 15. 78
170 165 167. 5 , 626 1.598 16,,48
T 64 168 166 .654 I .  529 Io ,,78
171 165 168 . .617 I .  621 16,,71
164 168 166 . 6 54 1.529 i 5,,78
167 163 165 .669 1.49 5 I 5,.40
T 6 5 170 167 .,5 .626 1.598 16 . 50
T70 165 167 ,. 5 .626 1.598 16 . 50
164 168 166 .654 1.529 I 5.78
Mean Hor, 0. P. - 15.98
Mean Spherica l 0. P .  -  13 ,32  
Amp .eres at 220 v o lts  - '  "  .285
Watts at 220 v o lts  ~ " "* ^
Watts per 0, P. at. 220 vo lts -3 .9 /  
Resistance at 220 v o lts  - Ohms
/so*.









2 2 0 °
2 7 0
2 0 0 *
L a m p  & 72.
Mean H*r.c*/>. J6798
70
CHARACTERISTIC OP LAMP 110. 13
Watts Watts Photometer Rdgs. Ratio Recip­ G.P. Res.
V o lts .An»P » PerC.P . 1st 2nd Av. roca l Ohms
150 .180 27.0 29.4 68 70 69 I I . 2 .0895 .92 854
160 .200 32.0 18.9 89 86 87.5 5.896 .1695 1.74 800
170 .214 36.4 14.5 98 100 99 4.12 . 2427 2.50 794
ISO .250 41.4 10.4 116 114 115 2.59 .3861 3.98 783
190 .243 46.2 7.23 131 134 132.5 1.60 .6250 6.39 783
200 .260 52.0 6.18 141 144 142.5 1.222 .8183 8.42 768
205 .265 54.4 5.42 151 148 149.5 1 .014 .9862 10.06 773
210 .279 58.5 4,71 155 159 157 .830 1.205 12.41 7 55
215 .284 61.0 4.23 165 160 162.5 .716 1.397. 14.39 7 56
220 .290 63.8 3.81 166 171 168.5 .617 I .  621 16.70 758
Mean Hor. C. P. o f Lamp B. No. 13
Angle Photometer Rdgs. Recip­
Degrees 1st 2nd Av. Ratio roca l C.P.
0 170 167 168.5 .601 1.664 17.15
30 168 174 171 . 569 1.7 57 18.00
60 173 T 68 170.5 . 577 1.733 17.85
90 163 168 165.5 . 662 I .  511 I 5. 56
T20 165 171 168 .617 I . 621 16.70
150 173 168 170.5 . 577 1 . 7 j 17.85
I8o 170 167 168. 5 .601 1.664 17.15
210 169 174 171.5 .562 1.780 18.55
240 172 168 170 . 585 1.802 18. 56
270 162 168 165 .669 1.49 5 15.40
300 164 168 166 .654 I .  529 I 0.7 5
330 771 165 168 .617 I .  621 16,60
360 170 167 168.5 .601 1.664 17.13
Mean Hor. C. P. - 17.05
Mean Spherica l 0. P . r 74,20
/4>0 /70
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Lam p J3 J3
300* Mea/t//or.cp. /7>06
CHARACTERISTIC OF LAMP B. NO. IA
WaLts Wa tt s Pho com eper Rdgs . Recip- o .p . Res.
V o lts .A m p  . Per CP 1st 2nd Av. Ratio ro cal Ohms
T 50 .180 27.0 26.0 75 74 75.5 9 . 50 .1052 1.4 8 0 5
160 . 19 5 51.2 17.5 90 87 88.5 5.71 .17 51 I .80 821
170 .211 55.8 12.8 102 104 105 5 ,66 .2752 2.81 806
T 80 ,250 41.5 9.08 122 118 120 2,2  d .4444 4. 57 782
190 .245 46.5 6 .54 155 157 156 1.45 .689 6 7.10 77 5
200 .255 50.6 5.05 152 146 149 1.027 .9 757 10.05 790
205 .267 54.7 4.60 155 158 I o5. 5 .864 I , I 08 I I  .95 767
210 .270 56, 6 4 . TO 159 165 161 .745 1.542 15.82 7 77
215 .285 60.8 5.72 169 165 167 .6 5a 1.577 16.54 760
220 .290 65.7 5.45 170 174 172 . 554 1.80 5 18. 59 758
Mean Hor. C. P. o f Lamp B. No. 14
Angle Photometer Rdgs . Recip­
Decrees 1st v2nd Av. Ratio roca l C P
0 170 174 172 , 554 1.805 18.59
30 170 176 173 .559 1.855 19. IT
60 174 170 172 . 554 1.805 18.59
90 173 166 169.5 .593 1.686 17.57
120 169 172 170.5 . 577 1. 75a 17.85
T 50 177 T7I 174 .524 1.908 19.6 5
T80 170 • 174 172 . 554 1.80 5 18. 59
2T0 173 T78 17 5. 5 .503 1.988 20.48
240 17 6 172 174 . 52a 1.908 19.65
270 172 17 5 173.5 , 552 1 .881 19.57
300 168 173 170.5 . 577 1,755 17.85
330 170 17 5 172. 5 . 546 1.830 18.85
360 170 174 172 .552 1.805 18. 59
Mean Hor. C. P. = 17.91 
Mean Spherica l 0, P. - 1 6 . 0 0

MEAN HORIZONTAL rt P OP B. No. 15
Azimuth Pho t Oneter Rdgs, Recip­
■rser rees 1st 2nd Av. Ra tio roca l G.P
0 T7T T 66 168.5 .609 1.642 16.95
30 167 m 169 .601 1.664 17.15
60 168 16 5 T66.5 .644 1.553 16.40
90 165 170 167.5 .626 1.598 16.48
T20 171 168 169.5 .593 1.686 17.35
T 50 166 T7T 168.5 .609 1,642 16* 9 5
ISO 171 167 169 .601 1.664 16.9 5
210 164 170 167 .634 I .  577 16.25
240 166 I6T 163.5 .697 1.435 14.70
270 164 167 165. 5 .662 1.511 15.60
300 169 163 166 .6 54 1.529 15.78
330 165 170 167.5 .626 1.598 16.48
360 169 168 168.5 .609 1.642 16.95
Mean Kor. G. P. = • - - - 16.42
Mean Spherica l C. P. = * • 13.70
Amp . at 220 v o lts .285
Watts at 220 v o lts 62.2
Watts per G,P . at 220 v o lts = 3.69
Res i  stance at 220 v o lts  - 787. Ohms •
MEAN HORIZONTAL C. P. OR LAMP B. No. 16
Photometer Rdgs. 
1st 2nd Av. Rat io
Rec ip - 
roca l c .p .
167 163 165 .669 1.49 5 I 5.40
163 167 165 .669 1 .49 5 10.40
163 159 161 .74 5 1.342 13.80
161 165 163 .706 I .  416 14. 58
161 I 67 I 64 .688 1.453 14.96
169 165 167 .634 I . 577 16.25
165 167 166 .6 54 1.529 I 5. 78
168 165 166.5 .644 I .  553 16.00
162 167 164.5 .678 1.473 I 5. >20
166 159 162.5 .716 1.397 14.40
162 168 16 5 .669 1.49 5 I 5.40
170 164 167 .634 1.577 16,25
164 166 165 .669 1.49 5 I 5.40
Mean Hor. 0. P. - - -  — - 15.30
Mean Spherical 0. P . - 13.60
Ampheres at 220 v o lts  =■ • .268
Wetts at 220 v o lts - - — 59.0
Watts per C. P. at 220 v o lts  - 3.83
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Lam p ff  /(>
30&b Mean Hor. cp. /6~S0
MEAN HORIZONTAL C.P OF LAMP B. No. 17
Phot Qmeter Rdgs . Ratio Recip­
1st 2nd Av roca l C P
T 68 164 166 .6 54 1.029 I 0.78
T 6 6 170 167.5 . 626 1.660 17.10
T6 5 165 164 . 688 1.455 14.96
I6T T 64 162. 5 .716 1.596 14.40
169 164 166. 5 . 644 T . 05o 16.00
166 169 167.5 .626 1. 66 17.10
T70 166 168 .617 1.647 16.y i
T 66 17 r 168. 5 .609 1. 642 16.91
T 6 5 162 165.5 .697 1. 4o 5 14.73
165 163, 16 D. 5 .6 62 I . 5 I I I o. 06
168 165 166.5 .644 1.5.55 16.00
167 172 169.5 , 595 1.686 17.57
170 162 166 .6 54 1.529 I o. 78
Mean Hor. C.F. r  16 .07
Mean Spherica l C.P . - 15.45
Amp . at 220 v o lts  ~ .286
W a t t s  a t  220 v o l t s  - 6 2 . 8
Watts per C.P. at 220  v o lts  r  5,97
R e s i s t a n c e  a t  220 v o lts  r 768.Ohms.
m m  HORIZONTAL C.P OH LAMP B. N o .18
Anr le Phot om eter Rdgs. K at i  o Recip­
■negrees 1st 2nd Av roca l c P
0 168 164 166 . 654 1.029 I 5. 7 5
30 165 170 167.5 . 626 I .  598 16. 50
60 167 164 16 5.5 .662 1.511 I 5. 06
90? 164 167 16 5. 5 .662 I . 5 I I 15. 56
120 T 67 163 165 .669 1.494 16.39
T 50 166 172 169 .601 1.664 17.14
ISO 171 167 169 .601 1,664 17.14
210 167 171 169 .601 1.664 17.14
240 168 162 165 .669 1.494 15.39
270 163 166 164. 5 . 678 1.473 I 5.17
300 170 165 167.5 .626 I .  598 16. 50
330 166 169 I 17. 5 .626 I .  598 16. 50
360 168 164 166 . 6 54 1. 529 T 5. 7 5
Mean Hor, C P - • • 16.14
Mean Spherica l C. P . - 13 . 5
Amp . at 220 vo l ts ~ .23 5
Watts at 220 v o lts '  62. 7
nrSt ts per C.p . at 220 v o its -o .97
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300 Mean Hor. C'P Z6 . /4
MEAN SPHERICAL G.P. OP LAMP B. No. 19.
Azimuth Photometer Rdgs . 
degrees 1st 2nd Av. Ratio




60 T 63 169
90 167 T 63
120 162 168
T 50 170 T65
180 T65 T70
2 TO T 69 164





T 67 .634 1.577
T 68. 5 .609 1.642
16 6 .6 54 I .  529
165 . 669 1.49 5
16 5 .669 1.49 5
167.5 .626 1 .598
T 67.5 .626 I .  598
166. 5 .644 1.553
166. 5 .644 1,553
T 64 .688 1.453
166 .6 54 I .  529
168 .617 I .  621
167 , 634 1.577
Mean Hor. G. P. = - • * 16.02
Mean s p h e r i c a l  G. P - 13.35
Amp. at 220 v o lts  - - - - .281
Watts per G.P. at 220 v o lts -  3.8 
Resistance at 220 v o lts  - — Ohms






























MEAN HORIZONTAL G.P OP LAMP B. No. BO.
Pho tometer Rdgs . Recip-
Tst $nd Av. Ratio ro cal G.P.
166 172 169 .601 1,664 17.14
T 69 166 T 67,5 .625. 5 1.698 17.49
161 166 T 63, 5 .6970 1.435 14.78
167 163 165 .6690 1.49 5 15.40
163 T72 T 67.5 .6255 T. 698 17.49
172 167 T 69.5 . 59 30 1.686 17.37
167 171 169 .6010 1.664 17.14
17 T 166 T68. 5 .6090 1.642 16.91
T 62 167 164.5 .678 5 1.473 15.27
167 ' ,163 165 .6690 1.49 5 15.40
167 173 170 . 58 50 1.709 1760
173 T 68 T 7 0 .5 .5770 1.733 17.85
167 171 169 .6010 1.664 17.14
Me sin Hor. G .P  - 17.50
Mean Spherica l C. P .= 14. 60
Amp . at 220 v o lts .283
Watts at 220 vo lts - 62.2
Watts per GP at 220 v o lts  - 3.64
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2 7 0 °
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L a m p  jB  /<? 
zoo* Mean hi or. op. /(»£>2
ch arac te r istic :, of lamp c NO. 2









c .p . Res.
Ohms
150 .210 3T.5 16 .1 93 91 92 5 .I I . 19 57 1 .98 714
160 .224 35,8 12.5 104 10 5 104.5 3.49 .286 5 ■ ■2.87 714
170 .239 40.7 9.68 119 I I 7 ITS 2.38 .4202 4.20 712
T80 .255 45.9 7.34 132 133 132,5 1.60 .62 50 6.2 5 706
190 .271 51.5 5.97 146 143 144.5 1 . 157 .8643 8.64 701
200 .281 56' .2 4.73 153 158 156.5 .841 1.189 11.89 712
20 5 .290 59 .4 4.37 162 159 161.5 ,7o5 1.360 13.60 708
2T0 .300 63.0 4.00 166 168 167 , 634 I . 577 15.77 700
215 .305 6 5.5 3.68 173 170 171.5 . 561 1.783 17.83 70 3
220 .312 68.6 3,32 178 176 177 .483 2.070 20.70 70 o
Mean Hor. (.3. P . o f Lamp 0, No. 2.
Angle Pho tome te r rd gs . Recip­
Degrees 1st 2nd Av. Ratio roca l C.P.
0 17 5 170 172.5 , 546 1.829 18.84
30 168 176 172 . 554 1.805 18. 59
60 170 167 168.5 .609 1.642 16.91
90 163 167 165 .669 1.49 5 15.40
120 170 168 169 .601 1.664 17.14
T 50 170 17 5 172. 5 . 546 1.829 18.84
180 174 170 172 . 554 1.805 18. 59
210 170 176 173 .539 T ,855 19.10
240 172 167 169.5 . 593 1.686 17.36
270 165 169 167 .634 1.577 16.34
300 170 167 168,5 .609 1.642 16,91
330 173 17 6 174.5 . 517 1.934 19.92
360 174 170 172 . 554 1.805 18.59
Mean H or. 1C P  — 17.90
Mean Spherica l C. P . = 15.92
2 *o* Hot- op. /790
270*
9 3
CHARACTERISTIC OP LAMP C. No. 3.
Watts Watts Photometer Rdgs. p ec ip RQS.
) l t S .Amp. PerCP I St 2nd Av. Ratio ro cal c .p . Ohms
50 ,200 30.0 19.5 84 85 84.5 6. 50 .1538 1.54 7 50
30 ,218 34.9 13.8 103 98 101 .5 3.82 .2618 2.62 734
70 .250 59.1 10.3 113 116 114. 5 2.62 ,3817 3.82 737
30 .2 50 45.0 7.91 131 127 129 1.76 . .5682 5.68 720
30 .260 29.4 6.54 138 I4 l 139.5 1,32 .7 559 7.56 7.30
30 .272 54.4 5.44 152 148 150 1 .000 1 .000 10.00 73 5
35 .280 57.4 4.77 158 I 56 157 .830 1.205 12.05 732
ro .290 60.8 4.36 161 164 162.5 .716 1.397 Io .97 724
r 5 .300 64.5 3.97 1.70 166 168 .617 I .  621 16.21 717
80 .305 67 .1 3.67 170 175 172.5 . 547 1.828 18.28 721
Mean Hor. C. P. o f Lamp C. No.5
ngle Pho tome t er Rdgs. Re cip-
eg re•es 1st 2nd Av Ratio ro ca l 0 P
168 170 169 .601 1.664 17.14
0 169 16 5 167 .634 1.577 16,34
0 161 166 16 3. 5 .69 7 1.433 14.76
0 163 158 160. 5 .755 I . o26 13,65
20 162 16 5 163. 5 .69 7 1.434 14.76
50 171 168 169. 5 . 593 1.686 17.36
SO 164 169 166, 5 .644 1. 553 15.99
ID 167 163 165 .669 1.49 5 I 5.40
40 162 167 164. 5 .678 1.473 15.27
,70 161 159 160 .765 1.307 13.46
00 161 167 164 .688 1.453 14.97
30 170 16 5 167. 5 .626 1.598 16.46
'60 165 173 169 .601 1.664 17,14
Mean Hor. 0 . P. - 15.60
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L a m p  C  5
300* M o a n  Wa/S7£o
CHARACTERISTIC OF LAMP C. No. 4
Watts Watts Phot ome te r Rdgs . Recip­ Res.
o lts .Amp . p erCP 1st 2nd av Ratio. roca l c .p . Ohms
50 .200
o«o.0 17.7 88 87 87.5 5,89 .1698 1.70 7 ip
60 .214 34#2 12.3 103 104 103.5 3.60 .2778 2.78 748
70 ,2550 s o i l 9.70 177 116 116,5 2.48 .4032 4.03 737
80 .242 43.6 7.25 130 132 131. 1,66 .6024 6.02 744
90 .255 48.4 5.89 145 140 142. 5 1 .216 .8224 8.22 744
:oo .270 54.0 5.02 I 51 I 54 I 52. 5 .930 1.075 10.75 741
50 5 .280 52.4 4.73 160 I 57 I 58.5 .797 1.21 5 12.15 732
>10 .288 58.7 3.93 163 167 16 5 .669 T .4495 14.95 729
515 .29 5 63.5 3.77 172 167 169.5 . 593 1.686 16.86 728
520 .300 66.0 3.41 172 177 174.5 . 517 1.934 19.34 703
Mean Hor. C. P. o f Lamp 0, No . 4
Ingle Pho tometer Rdgs . Rec ip -
}eg rees 1st • 2nd av R a t i o roc al C.P.
9 173 169 171 . 569 1 . 7 57 18.10
30 171 1 6 168. 5 .609 X . 642 16,91
50 163 169 166 .6 54 1 . 529 15.75
90 165 1 163 .70 6 1.4X6 I^t. 08
120 160 165 162.5 .716 1.397 14,41
150 174 169 171,5 . 562 1.780 18 , 66
ISO 166 171 168. 5 .609 X . 642 16.91
210 173 167 170 . 58 5 1 . 709 17.60
240 165 170 167.5 . 626 X. 598 16,46
270 167 162 164.5 .678 1.473 15.17
300 162 167 164. 5 .678 1.473 l a .  17
330 173 170 171 .5 . 562 1.780 18.33
360 169 173 171 . 569 1.7 57 18.10
Mean Hor. C. P. r• 16.60
Mean Spherica l C. P. r  14. 78
£  4
240* 3 oo* M ea t?
2 7 0 *
<9 7
CHARACTERISTIC OF LAMP G. Mo 5
Watts Wat ts Pko tome ter Rdgs. Ratio Recip-■ c .p . Res.
Vol ts .Amp . PerCP 1st 2nd av roca l Ohms
150 .204 31.2 18.7 87 87 87 5.99 , 1669 167 73 5
160 .216 34.5 13.4 105 99 101 3.88 .2 577 2,58 741
170 .230 39.1 9.18 rrs I T9 IT S .5 2.35 . 42 55 4.26 759
180 .245 44.2 7.41 132 T28 130 I . 71 . o8<i8 5.85 755
T90 .262 49.8 6.00 142 144 145 1.20 5 .8500 8.30 725
200 .273 64.6 4.98 155 I 52 I 55.5 .911 1.098 10.98 732
20 5 . 280 57.4 4.40 I 58 162 160 .765 1.307 To. 07 752
210 .290 60.8 4.02 165 168 16 5. 5 ,662 1,510 To. TO 724
215 .300 64. 5 3.83 171 168 169.5 . o93 1.686 16.86 717
220 .308 67.7 3.45 177 173 17 5 . 510 1.961 19.60 71 5
Mean K or. 0!. P. o f  Lamp G. No . 5
Angl e Photometer Rdg s. Recip­
Degrees 1st 2nd av Ratio roca l o.P .
0 T 69 167 168 .617 1.621 16.70
30 168 173 170. 5 . 577 1.733 17.85
60 169 163 166 . 654 1.529 15.75
30 162 168 164 .688 1.4 53 14.97
r 20 168 164 T 66 . 644 1.553 I 5.99rso 170 174 172 . 554 T. 529 15.76F80 170 T 66 168 .617 X. 621 16. 50BIO 167 173 170 . 585 1.709 17.60240 165 162 163. 5 .697 1.43 5 14.78270 I 59 163 161 .745 1.342 13.82500 167 163 165 .669 1.49 5 15.40>30 T 67 173 170 .585 1.709 17.60>60 170 T 66 168 .617 1.621 16.70
Mean Kor. G. P. - 16. T i













2 2 6 700
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CHARACTERISTIC OF ? LAMP C.No. 6
¥ a tts Watts Photometer Rdgs,i Recip- Res.
V o lt .Amp. Per CP 1st 2nd Av. Ratio ro ca l o. P . Ohms
150 .210 16 .1 92 92 92 5 .11 . 19 57 I . ,9 6 714
160 .221 35.3 12.5 10 6 102 104 3. 55 .2817 ,82 724
170 .238 40.4 9.23 118 121 119.5 2.28 .4586 4.,39 714
180 .252 45.4 6,93 136 132 134 I .  53 .6536 6, 725
190 .268 51.0 5.60 145 148 146. 5 1.098 .0107 9, 708
200 .282 56.4 4.80 157 155 I 56 .852 1. 17 4 n ,.74 708
20 5 .291 59.7 4. 57 162 158 160 .76 5 1.307 13 .07 70 5
210 .300 63.0 4.12 163 169 166 .6 54 I .  529 I 5.29 70 0
215 .303 65.0 3.91 171 167 169 .601 1.664 16.64 709
220 .310 68.2 3.63 17 5 172 173.5 . 552 1.880 18 .80 710
Mean Hor. C. P. o f Lamp 0. No. 6
Anri.e Pho tome te r Rdgs . pec ip-
-negrees 1st 2nd Av Rat io ro ca l o .p .
0 168 173 170. 5 . 577 1. 75o, 17.85
30 17 5 172 173. 5 . 532 1 .881 19. o7
60 167 170 168. 5 . 609 1.642 16.91
90 169 166 167. 5 .626 1.598 16.44
120 168 170 189 .601 1,664 17.14
150 17 5 172 173. 5 . 532 1,88 1 19.37
180 169 173 171 .569 1.7 57 18.10
210 168 172 170 . 58 5 1.709 17.60
240 170 165 167. 5 .626 I .  598 16.46
270 160 167 163. 5 . 69 7 1,455 14. 78
300 16 5 168 166. 5 . 644 1. 55o 16.00
330 174 169 171. 5 . 561 1.783 18.36
360 168 173 170. 5 . 577 1.733 17.85
Mean Hor. C p . — 17.40
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■500° Mean Hot. £•/>. uAo
270• 
/ < * /
MEAN SPHERICAL INTENSITY AND REDUCTION FACTORS
Mean Spherical In ten s ity  - .0170 I at +
0
90 4  .1294 I at -f 60°
+ .2242 I at + 60° 4 .2 583 I at 0° 4  .2242 I at -50°
f  .1294 T at -60° 4.0170 I at -90° •
Reduction fa c to r  is  equal to the mean h o r izon ta l C.P. d iv id ed  by 
the mean sph erica l in te n s ity .
For Lamp C, No. 6.
M.S.T. = .0170 /  9.86 4  . 1294 X 12.5 - f  .2242 /  17.OS 4 . 2588 
X 17.40 +  .2242 X 16.30 4 . •.1294 X *3.20 is. 15.47 C.P.
Reduction fa c to r  ~  17,40 4 1 5 ,4 7  •=- 1 ,125,
For Lamp B. No. 9.
M.S.T. - . 0T70 /  6.33 4 . . 1294 /  10.04 4 .22 42  / Is .  4 7 4  ,2588 X *6.82 
4 .2242 X  15.30 4  .1294 X 9 . 55 S  I 4 . 0i  C.P.
Reduction fa c to r  - 16. 8 ^ 4  14,01 =. J .20
For Lamp A. No. 5,
M.S.T. -  ,0170 /  6.71 4  .1294 /  9 .70 4 . 2242 14.77 4  .2583
X 15.40 4  .2242 X  13.90 4  .1294 X 9 *42 - 16,221 C.P.
Reduction fa c to r  = 15.40 — 13,22 ~ 1,165,
SPHERICAL C. P. OF LAMP A MO 5
At 30 A lt itu d e ,
Azimuth Photometer Rdgs . Recip-
Degrees 1st 2nd Av Rat io roca l C.P.
0 170 168 169 .601 1.664 16.64
45 165 166 16 5.5 . 662 i . 5i r I 5. IX90 160 I 58 159 . 787 1 .271 12 .71
135 160 164 T 62 .726 I .  377 15.77T80 165 163 164 .^88 1.4 5o 14. 5o
225 163 166 164.5 .679 1.473 14.73270 165 163 164 .688 1.453 I <t. 55
3T5 166 168 167 .634 I . 577 I 5. 77365 16 5 166 16 5. 5 .662 I .  5X1 15. IX
Mean Hor. G. P. in plane = 14.77
At 60 A lt i  tude
Decrees Istt 2nd Av Ratio Recip- G. P,153 152 152.5 .935 1.070 10 70
143 144 143.5 1.189 .77 58
•
7 76rso 151 148 149.5 1 .014 . 9862 9.86270 148 150 149 1.027 .9737 9.74560 152 151 I 51.5 .961 1 .041 10.41
Mean Hor. c. P. in  plane - 9.70
At 90 A lt i  tude
degrees
\
1st 2nd Av Ratio Rec ip . 0 P
136 134 135 1.49 .6711 6.71 *
SPHERICAL C. P . OF LAMP A. NO. 5. 
At 120 A ltitu d e
Azimuth Photometer Rdgs . Ratio Recip­
Degrees 1st 2nd Av. roca l C.P,
) 151 147 149 1 .027 .9739 9. 74
>0 149 152 150.5 .987 1,013 x o . 13
F80 143 144 143.5 1.189 .841 8. 41
>70 148 147 147.5 1.064 .940 9 .40
Mean Hor. 0. P . in  plane - 9.42
At 150 Al ti cude
Degrees 1st 2nd Av Ratio Recip . C>.P
163 162 162.5 .716 1.397 15. 97
15 162 163 161,5 .736 1.3 59 15. a9
DO 164 160 162 .726 1.377 15. 77
135 163 165 164 ^.688 1.453 14. DO
ISO 166 164 165 .669 1 .49 6* 14. 95
225 160 162 161 .745 1.342 13. 42
270 160 158 159 . 787 1.271 12. 71
315 160 164 162 .'7 £0 1.377 15. 77
360 164 163 163. 5 .697. 1.43 5 14. 35
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2 7 6 °
JOS'
SPHERICAL C,P, OP LAMP B. NO. 9
At BO A l t i tu d e .
Az imu th Photometer Drgs. Recip
Degrees 1st 2nd,, Av. Ratio roca l O.P,
0 167 169 168 .617 1.621 16.21
45 167 165 166 .654 1.529 15.29
90 163 167 165 .669 1.49 5 14.9 0
135 170 168 169 .601 1.664 16.64
180 167 168 167.5 .625 1.600 16.00
225 165 163 164 .688 1.453 14.53
270 161 163 162 .726 X .377 13.77
315 167 167 167 .634 1 .577 15.77
360 167 169 168 .6X7 I .6 I 16.21
Mean H or, O.P. in P 3 CD I! 15.47
At 60 A lc itu de •
Degrees 1st. 2nd. Av. Ratio R ec ip . O.P.
0 152 150 151 .974 1 .027 10.27
90 I 51 149 150 1 .000 1 .000 10.00
ISO 153 I 54 I 53. 5 .911 1.098 10.98
270 147 145 146 1 .1X3 .898 8,98
360 149 I 51 150 1.000 1 .000 10.00
Mean Hor. C.P . in plane - 10. 04
At 90 A lt itu d e .
Degrees 1st 2nd. Av. Ratio Recip . O.P.
0 X32 134 133 1.58 , 633 6.50
SPHERICAL C.P. OP LAMP B. NO. 9
At I2o A lt itu d e ,
Azimuth Photometer Mead. Recip­
Degrees 1st, 2nd. Av. Ratio roca l . C.P.
0 151 150 150.5 .987 1 .013 10.13
45 145 147 146 I . I I 3 .898 8.98
90 144 142 143 1.205 .829 8.29
T35 148 150 149 1.027 .974 9.74
22 5 146 147 146.5 1.098 .911 9. i i
270 149 148 148.5 1 .041 .961 9.61
3T5 150 153 151.5 .S5I 1 .041 10.41
360 150 148 149 1.027 .974 9.74
Mean Hor. C,P . in plane - 9, 52
At 150 A1 titude
Degrees 1st 2nd. Av. Ratio Recip , C.P.
0 164 166 165 .669 1.495 14.95
45 163 165 164 .688 1.453 14. 53
90 165 T 63 164 .688 1.453 14.53
135 170 T 67 168.5 .609 1.642 16.42
180 164 166 165 . 669 1.49 5 14.95
22 5 163 165 164 . 688 1,453 14. 53
270 T 66 163 164,5 .678 1,475 14.75
3T5 T 68 171 169.5 .593 1.686 16.86
360 16 5 168 T67,5 .62 5 1.6200 16.00
Main Hor. C.P. = 15.30
hovviny <J/stn
a r o u n d
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2  46° 300*
270*
/ /) A
SPHERICAL C. P. OF LAMP C. NO. 6.
At 30 A lt i  tude
Azimuth Photometer rd s , Recip­
Decrees 1st. 2nd. Av. Ratio roca l . O.P.
0 T7I 174 172.5 . 546 1.832 18.32
30 170 173 171.5 . 562 1.776 17.76
60 17 T 168 169.5 . 593 1.686 16.86
90 T 68 171 T69.5 .593 1.686 16.86
120 169 166 167.5 .626 i . 597 15.97
150 169 173 171 .569 1.7 57 17.57
180 173 170 171,5 . 562 1.776 17.76
210 168 171 169.5 . 593 1.686 16.86
240 169 166 167.5 .626 I .  597 lo . 97
270 165 168 166.5 .644 1.5 53 15. 53
300 170 166 168 .617 1.621 16.21
330 169 172 170.5 . 577 1.733 17,53
260 173 172 172.5. . 546 1.832 18.32
Mean Hor, C. P. in plane - 17.02
At 60 A1ti tude
Decrees 1st 2nd. Av Ratio R ec ip , O.P.
0 158 160 I 59 . 787 1.271 12.71
90 159 155 157 .830 1.20 5 12.05
180 159 162 161,5 .736 T.358 13.58
270 T 57 153 155 .87 5 I . I4 3 11.43
360 157 161 159 .787 1 .271 12.71
Mean Hor. C P . in plane - 12.50
At 90 A ltitu d e
Degrees Is t 2nd. Av. Ratio Recip . O.P.
0 I 51 148 149.5 1 .014 .986 9.86
SPHSRICAL G.P. OP LAMP C. NO, 6
At X20 A lt itu d e ,
Azimuth Photometer reds. Recip-
Degrees 1st. 2nd, Av. Ratio roca l G.P.
0 T 62 159 16 X , 5 .735 1,461 13.61
45 158 161 159.5 .776 X ,289 12.89
90 T 56 160 X 58 .808 1.238 12.38
13 5 X 64 X 63 163.5 .697 X ,435 14.35
J80 T62 X 58 160 .765 1.307 13.07
22 5 T6T T6X 161 .745 1.342 X5.42
270 T 56 X 60 X 58 .808 X .258 12.38
315 161 X 59 160 .76 5 X .307 13.07
360 163 159 X6I .745 1 .342 13.42
Mean Hor. 0. P . in plane = 13.20
At, 150 A lt i  tude
Degrees 1st. 2nd, Av. Ratio Recip . G.P.
0 T68 172 170 .585 1.709 17.09
90 170 166 168 .617 I .  621 16.21
180 X 66 170 168 .6X7 I .  621 16,21
270 168 164 X 66 .654 1.529 15.29
360 167 171 X 69 .601 1.664 16.64
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/so /76 6 SO
G.P. 0? LAMP A. No. 5 LIFE TEST,
End Amp, Watts Wats Phot1met er Rdg s . Ratio Recip- C.P. Res,
H rs. PerCP Is  t 2nd Av ro cal Ohms.
I .297 6 5.3 3.98 170 167 168.5 .609 1.642 I 6.42 740
4 .300 66,0 4.48 16 6 163 164. 5 .679 1.473 14. 7o 735
7 .300 66.0 4.82 164 160 162 .726 1.377 13.77 733
T3 .307 67.5 4.64 163 165 164 .688 1.455 14. 55 717
19 .308 67.6 4.77 164 162 163 .706 I . 416 14.16 714
25 .306 67.4 5.23 161 158 I 59.5 .776 *1.289 12.89 719
3T ,508 67.6 5. i'2 162 159 160.5 . 7 55 1.524 13.24 714
37 .304 66.8 5.40 I 60 166 158 .808 1.237 12.37 723
43 ,50 5 67,0 5.15 159 161 160 .765 1.303 13.07 721
49 ,306 67.4 5.46 159 T 57 158 .808 1.257 12,5 7 719
60 .505 67.0 5.78 157 T 54 155. 5 ,864 I , I 59 11.60 721
70 .30 5 67.0 5.78 I 58 153 I 55, 5 ,86 3 I . I 59 IT . 60 721
80 .304 6 6-. 8 5.70 I 55 157 I 56 .853 1 .174 IT . 74 723
90 ,306 67.4 6.40 154 150 152 .948 1.0 55 10. 55 719
100 ,307 67,5 5.60 I 56 158 157 .830 1.20 5 12.05 717
n o .307 67.5 5.82 155 156 156.5 .863 1.1 59 I I .  59 717
120 .307 67.5 5.98 157 153 155 .887 1 .127 I I  .27 717
130 .305 67.5 6.24 152 I 54 I 53 .923 1.083 10.83 717
140 .307 67.5 5.60 156 158 157 ,830 1.205 12.05 717
150 .307 67.5 6.01 155 I 53 I 54 ,899 J .I I2 11 .12 717
160 .307 67.5 5.60 156 158 157 .830 1.205 12.05 717
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L ife  Co rues 
Lamp A S'
!06 - /? s  hrs
/So
C.P. OP LAMP A. No. 7. LIFE TEST.
Snd Am t , Watts Wat ts Photometer Rdgs. Ratio recip  - C.P,, Res
Irs PerCP 1st 2nd Av ro c al Ohms
.315 69 .4 3.46 17 5 T79 T76 .49 6 2.0X6 20.16 698
: .315 69 .4 4.60 165 166 165,5 . 662 I.5 T I i 5 . n 698
.3X5 69.4 4.9X 164 162 X 63 .706 X .419 14.16 698
:3 .325 71.5 4 . 54 166 X 68 X 67 .634 1.577 15.77 677
'9 .328 72.2 4, u 5 169 X 64 166.5 . 644 X. 5 53 X 5. 53 671
55 .319 70.2 4.70 157 163 165 .669 1.49 5 14.95 690
5X .3X8 70.0 4.57 X 69 X 63 166 . 6 54 1.53 9 15.29 692
>7 .318 70.0 4.57 168 164 166 ,654 X . 529 15.39 692
L3 .3X5 69.4 4.30 168 170 169 .601 1.669 16,69 698
19 , 3T 6 69.6 4.63 167 163 165 .669 1.49 5 14.95 69 6
>0 .314 69.0 4. X 5 170 168 X 69 . 60 X 1.664 16.64 700
'0 .3X7 69.8 4. X5 171 168 169.5 . 593 X. 686 16.86 694
50 .3X2 68.6 3.91 169 173 171 . 569 1.7 57 17.57 704
10 .3X5 69 .4 3.64 17 i 17 X 174 . 524 1.908 19.08 698
Of) -.316 69.6 3.80 170 17 5 172. 5 . 547 1.828 18.28 69 6
TO .314 69.0 3.78 X7I 173 172 , 554 X .80 5 18.0 5 700
20 .316 69,6 3.75 17 5 T7I 173 , 539 1.855 18. 58 69 6
30 .3X5 69.4 3.84 171 173 X72 , 554 1.80 5 18.05 698
40 .3X5 69.4 3.79 170 174 172 , 554 1 .80 5 X8.0 5 69 4
50 .3X6 69.6 3.50 174 177 17 5.5 . 503 1.988 19.88 69 6
60 .316 69.6 3.50 176 175 175. 5 . 503 1.988 19.88 69 6
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C.P OF LAMP A. No. 8. LlFiS TEST.
End 
Hrs .




' Rdr s . 
Av
Ratio p ec ip - 
ro cal
g . p . Res.
0 liras
T .322 70.7 3.03 178 184 181 , 452 2.5X5 23. i 5 684
4 .330 72.6 3.27 180 179 179.5 .450 2.222 22,22 667
7 .338 74,4 3.12 ISO 184 182 .420 2.381 23.81 6oI
13 .349 76.9 2.85 187 185 186 .376 2, 660 26.60 630
19 .348 76.8 2.73 185 19 X 188 , 3 5o 2.8X7 28,17 632
25 .351 77. X 2.66 187 191 189 . 345 2.898 28.98 628
31 .3 54: 77.8 2.61 188 192 190 . 335 2.985 29.85 622
37 ,3 54 77.8 2.61 188 19 2 190.5 .330 3.030 30.30 622
43 ,350 77.0 2. 58 191 X89 190 .335 2.985 29.85 629
49 .351 77. X 2.57 186 192 189 .345 2.898 28.98 628
60 .3 51 77.1 2,58 187 193 190 .335 2.985 29.85 628
70 ,352 77.3 2.58 186 T92 189 .345 2.898 28.98 626
80 .348 76.8 2.94 X87 T84 J85.5 .381 2.625 26.25 632
90 .348 76,8 2.76 T86 192 789 .345 2.898 28.9 8 632
I001 .346 76.1 2.76 189 186 187. 5 .360 2.778 27.78 636
n o ,344 7 5.6 2.88 186 t 8 5 T8 5, 5 .581 2.625 26.2-5 640
T20 .345 75.9 2.85 188 184 T86 .376 2.660 26,60 638
T30 .340 74,7 3.14 183 181 182 .420 2.381 23,81 647
T40 .338 74.4 3,00' 187 180 183.5 .402 2.487 24.87 6 51
150 .336 74.4 3.12 Ib4 IbO 182 .420 2 .3 «I 23,81 6 5 l
160 .336 74.4 3 ,  o l 182 178 1 8 0 . 4 4 4 2.252 22.52 651
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I . 280 6T # 6 3.70 170 168 169 .601 1.664 16. 64 785
4 .280 61.6 5.40 I 56 I 57 155 .87 5 1 .143 11.43 785
7 .274 60.2 5.27 I 54 1 56 I 55 .87 5 1.143 11,43 803
13 .280 61.6 5.20 154 152 153 .923 i .085 10.83 785
19 .278 61.1 5.26 I 54 157 I 55. 5 .863 1 .1 o9 I I .  59 791
25 .278 61. I 5.41 153 156 I 54. 5 .886 1. 129 11.29 79 I
31 .280 61.6 5. I I I  55 I 59 157 .830 1.20 5 12.0 5 78 5
37 . 278 61 .1 5.08 156 158 I 51 .830 1.20 5 12.05 791
43 .278 61 .1 5. 50 156 152 154 .899 1 .112 I I .  12 791
49 . 278 61 .1 5.35 .154 156 T 55 .875 1 .143 i  r. 43 791
60 . 278 61 .1 5.35 I 54 I 56 I 55 .87 5 1. 143 IT . 43 791
70 .278 61 .1 5.20 155 157 156 .8 52 1.174 I I .  74 791
80 .274 60.1 5.47 I 55 152 153.5 .911 1.098 10.98 803
90 .274 60.2 5,25 154 156 I 55 .875 1,143 11.45 803
TOO .274 60.2 5.47 155 152 153,5 .911 1.098 10.98 803
TIO .274 60,2 5. 63 154 I 51 I 52,5 .936 1.068 10.68, 803
120 .274 60.2 5.T8 1 55 156 I 55. 5 .863 1. 159 I if. 59 805
130 .274 60.2 5. 55 150 156 153 .923 r.083 10.83 80 3
150 .274 60.2 6.20 150 148 149 1.027 .974 9.74 805
160 .274 60.2 6.88 147 145 146 1 ,113 .875 8.75 803
170 .274 60.2 6.02 150 150 150 I .  000 1.000 10.00 803
3 v Corves
L a m p
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C.P. OP LAMP A, No 14 LIFE TEST
End Amp. Watts watts Photometer Rdgs . Ratio Recip­ C .P .Res.
H rs, Per OP 1st 2nd Av roca l Ohms
T .330 72.6 3,81 172 T76 T74 .524 1.908
00o•s 66 6
4 .330 72.6 5.41 T 63 160 161.5 .74 5 1.342 X 3,42 66 6
7 .330 72.6 5.05 T 62 165 T63.5 .697 1.438 14.38 666
13 . 336 73.9 5.81 160 T 58 T 59 .787 1,271 12.71 655
T9 .334 73.5 5.40 160 163 161.5 .736 1.560 13.60 659
25 .333 73.3 5.84 158 159 X 58.5 .797 1,255 12. 55 661
31 .334 73.5 6.18 156 157 T 56, 5 .841 1 .189 11.89 659
37 .323 73.3 6.00 156 I 59 I 57,5 .8X9 I.22X 12.21 661
43 .333 73.3 6.19 I 54 152 I 53 .923 1.085 10,85 661
49 .333 73.3 6.19 151 I 55 X 53 .923 1.083 10.85 66X
60 .330 72.6 6.90 150 154 152 .948 I ,o 55 XO. 55 660
70 .332 73.0 6.92 150 I 54 152 .948 1.055 10. 55 663
80 .330 72.6 7.15 T 53 T 48 150,5 .987 1.0X3 ;10.13 666
90 .331 72.8 7.28 147 j 53 i  60 1.000 1.000 10,00 665
TOO ..331 72.8 6.84 X 55 150 I 52. 5 .956 1,068 10.68 665
n o .330 72.6 7,07 152 T 50 I 51 .9 74 1.027 10.27 666
T20 ,332 73.0 6.. 74 X 51 I 54 I 53 .923 1.083 10.83 663
T30 ,330 72.6 7.51 150 148 149 1.027 .974 9.74 666
T40 .330 72.6 7.07 152 150 I 51 .974 1.027 10.27 666
T 50 ,330 72.6 6.85 X 53 152 I  52.5 .936 1.068 X 0.68 666
T60 .330 72.6 6.70 154 T 52 153 .923 1.086 TO. 83 666
T70 .330 72.6 6.88 T 53 T5T T 52 .948 1.0 55 10, 55 666
0 o JO  2 0  3 0





C.P OP LAMP A. No. 17. LIFE TEST
End Amp. Watts Wat its Photometer‘ Rdgs. Recip­ Res.
H rs. PerCP 1st 2nd Av Ratio roca l C P Ohms
I .287 63.2 3.14 176 177 176 .496 2.076 ^0,76 766
4 .290 64,0 3.75 169 171 170 . 585 7.709 77.09 7 58
7 .290 64.0 3.60 173 170 171,5 .562 7.780 77.80 7 58
13 .29 5 65.0 3.61 I7T 173 172 , 554 1.80 5 78.05 745
19 .290 64.0 3.7 5 171 7 69 170 . 585 7.709 77.09 7 58
25 .292 64.3 3.7T 172 7 69 770.5 . 577 7,733 77.33 7 53
37 .298 65. 5 3.53 17 5 j7X 173 .539 7.8 55 78. 55 756
37 .296 65.2 4.02 169 167 7 68 .577 7.627 76.27 743
43 .294 64,8 3.80 168 172 770 .585 7.709 7 7.09 748
49 , 29 5 6 5,0 3.85 171 168 769.5 . 593 7.686 76.86 745
60 .$92 64.3 3.77 172 T 68 770 .585 7.709 77.09 7 53
70 .294 64.8 3.60 T 70 174 772 . 554 7.805 78.05 748
80 .294 64.8 3.60 170 174 172 , 554 7.805 78.0 5 748
90 .294 64.8 3.70 173 169 777 . 569 1.7 57 77.57 748
TOO .294 64.8 3.60 170 174 772 . 554 7.80 5 18.05 748
TTO .294 64-8 3.60 J73 171 772 , 554 1.80 5 78.05 748
120 .298 65,5 3,43 r7 5 173 t 7 4 .524 7.908 79 .08 7.56
130 .298 6 5,5 3.73 170 172 771 . 569 7.7 57 77.57 7 56
140 .298 65. 5 3.63 171 173 772 . 554 7.805 78.05 7 56
150 .298 65. 5 3.54 172 17 5 773.5 .537 7.883 78,83 7 06
T 60 .298 65.5 3.23 174 177 775. 5 .493 2.028 20,28 7 06
T70 .298 65. 5 3.23 174 177 77 5.5 . 4 9 3 2.028 20.28 7 56,
t ~ e $ /$ f a /7 C
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G.P. OF LAMP A. NO. 18 LIFE TEST
End
H rs,
Amp. Watts Wat ts 
Per CP








I .290 63.7 3.30 174 175 174.5 .517 1.934 19.34 7 58
4 .290 63.7 4,68 160 163 161.5 .736 1.360 13.60 758
7 .292 64.2 4 . 67 164 y60 162 .726 1.377 13.77 754
13 .294 64.7 4.62 161 164 162.5 .716 1.397 13.97 748
19 .290 63.7 4. 51 165 161 163 .706 1. 4X6 14.16 7 08
25 .292 64.2 5.40 157 I 56 I 56.5 .841 1 .189 • oc 7 54
31 .292 64.5 5.22 160 156 158 .808 1.237 13.87 7 51
37 .291 64.0 5.75 158 153. 154 .899 1 . 1X2 IX .12 756
43 .290 63.7 5.34 155 158 156, 5 .841 1 .189 11.89 7 08
49 .290 63.7 5, 58 153 160 151.5 .961 1 .041 10.41 758
60 .290 63.7 6.37 152 148 150 I .  000 1 .000 10,00 7 08
70 .290 63.7 6.'37 181 T49 150 1.00,0 1 .000 10.UO 7o8
80 .290 63.7 6.72 147 149 148 1.0 55 .948 9,48 7 08
90 .290 63.7 7.10 149 143 146 1 .1X3 .898 8.98 7 08
TOO .290 63.7 6.64 148 149 148.5 I  #04l .961 9.61 7 58
n o .290 63.7 6.82 146 149 147.5 1.0 69 .955 9.50 7 08
120 .288 66.6 6.91 148 145 146,5 J .098 .9X1 y . n 754
T30 .288 63.3 6.91 145 148 146; 5 1.09 3 . y n y . i * 7 54
140 .288 63.3 5.47 154 I 57 X 55. 5 .863 1 .159 Xi . 59 7 04
150 . 288 63.3 0.26 156 158 157 .830 1.20 5 12.0 5 7 54
160 .288 66.6 5. 26 156 158 T 57 .830 X. 20 5 12.0 5 7 54
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C.P . OF LAJrtP B. NO. I .  LIFE TEST.
End Amp , Watts Watts Phot Qtneter' Kdgs. Ratio Recip­ o.p . Res.
H rs. PerOP 1st 2nd Av roca l Ohms
r ,283 62.2 3,45 173 171 172 . 554 1.80 5 18,05 777
4 .289 63.6 3.72 171 169 170 , 585 1,709 17.09 762
7 .290 65.8 3.39 171 176 175.5 , 532 1.880 18,80 7 58
13 -.298 65.6 3.59 174 IT.1 172.5 . 547 1.829 18.39 758
T9 .293 64.5 3.19 177 175 176 .■49 6 2.016 20 .16 7 50
25 .299 65.8 3.28 j74 178 176 .49 6 2.016 20.16 736
31 .300 66.0 3.29 174 178 176 .49 6 2.016 20.16 766
37 .298 66. 6 3.44 172 176 174 . 524 1.908 19.08 738
43 .300 66.0 3.37 176 174 175 . 510 1 .961 19.61 766
49 .300 66.0 3.37 177 173 17 5 .510 1 .9 61 19.61 733
60 .300 66.0 3.10 176 181 178.5 .464 2.155 21.55 766
70 -.300 66-. 0 3 .TI 178 T76 177 .483 2.070 20.70 733
80 .300 66.0 3.14 T7 5 T78 T76.5 .490 2.041 20,41 733
90 .300 66.0 3.42 176 173 174.5 .517 1.934 19.34 766
TOO .300 66.0 3.22 179 174 176.5 .489 2.045 20.4 5 766
ITO .300 66.0 3.42 176 173 174. 5 .517 1,934 19.34 733
T20 .300 66.0 3.28 174 178 176 .496 2.016 20.16 766
130 .300 6.6.0 3.61 174 J7 I 172.5 .547 1.828 18.28 766
140 ,300 66,0 3.37 177 173 17 5 .510 1 .961 19.61 733
150 .300 66,0 3.37 177 173 j7 5 .510 1 .961 19.61 755
160 .300 66.0 3.26 178 T73 17 5.5 .493 2.028 20.28 733
170 .300 66,0 3.56 T7 5 171 173 . 5o9 1.855 18. 55 755
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TESTG.P. OP LAMP B. NO. 5. LIFE .
Wat its Wat ts ■photometer' Kdg s . Ratio Rec ip - G.P. Res
End. Amp PerCP 1st 2nd Av ro cal Ohms
I ,280 61.6 3.T4 T74 176 17 5 , 5£0 1,961 £9.61 786
4 .284 62.5 3.56 169 173 j7 I . 569 1.7 57 17.57 774
7 .287 63.1 3 .3 ! T76 173 174 . 524 £ .908 £9.08 767
13 .292 64.2 3.31 173 176 J-74. 5 , 5£7 £.934 £9.34 7 54
19 .290 63 8 3.18 178 174 £76 .496 2.0 £ 6 20. £ 6 758
25 .293 64, 5 3.2 j r 78 174 176 . 49 6 2.0 £6 20.16 7 DO
3T .296 6 5.2 3.32 177 173 £7 5 . 510 £.9 61 19.61 74 3
37 .293 64.5 3.48 174 172 £73 . 539 1 . 85o £8, 5o 7 50
43 .292 64.2 3.33 T76 173 £74. 5 . 5j7 £.934 19.34 7 D4
49 .293 64.5 3.02 177 179 £78 .470 2.£28 21,28 7 50
60 .294 64.7 3.03 180 £76 178 .470 2.128 21.118 748
70 .29 5 65.0 3.06 177 179 £78 .470 2. £28 21.28 745
80 .294 64.7 3,30 17 5 175 £7 5 . 5£0 £ ,96£ £9.61 748
50 .29 5 65.0 3.36 173 J76 £74. 5 . 517 £.9 34 19.34 74 5
100 .29 6 65.2 3.o6 176 180 £78 .470 2.£28 21.28 743
T TO .293 64,5 3 .T I 17 5 179 £77 „ .483 2.070 20.70 7 50
120 .293 64. 5 3.14 T78 17 5 £76. 5 .490 2.041 20.41 7 DO
130 ,293 64,5 3,14 17 5 T 78 £76. 5 .490 2.04X 20.41 7 50
140 .293 64, 5 3.31 174 176 £7 5 .5X0 £. 9 6X 19.61 750
T 50 .293 64.5 3.31 T74 176 £7 5 . 5X“ £ . 9 6 X 19.61 7 50
T 60 .293 64, 5 3.48 171 £7 5 J 73 . 539 £.855 £8. 55 7 50
170 .293 64.5 3.43 172 17 5 £73.5 .531 1.883 '£8.83 7 50
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C,P. OP LAMP B. NO. 6. LIFE TEST
End Amp . Watts Wat ts Photometer Hdgs. Ratio Recip- 0 P • • Res.
Hrs PerCP 1st 2nd Av ro c al Ohms
I .280 6T.6 3.24 T7 5 173 174 . 524 1.908 19.08 78 5
4 .285 62.7 3.81 170 167 168.5 .609 1.642 16.42 7 72
7 .285 62.7 3.57 170 173 171,5 . 569 1.7 57 17. 57 772
13 .290 63.8 3.42 17 5 171 173 . 539 1.856 18. 05 7 58
19 .290 63.8 3.30 172 177 174.5 . dI7 1.954 19.54 7 58
25 .293 64.4 3.20 174 178 176 .496 2.016 20.16 7 50
31 .293 64.4 3 .XI 17 5 179 177 .483 2.070 20. 70 7 50
37 -.292 64.2 3,15 17 5 178 176. 5 .490 2.041 20.41 7 54
43 .294 64.6 3.30 177 173 17 5 . 510 1,961 19.61 749
49 .293 64.4 3.33 X73 176 174.5 . 517 1.934 19.34 750
60 .292 64.2 2.99 177 180 178.5 ,464 2.155 21. 55 7 54
70 .294 64.6 3.19 180 TS5 5 177.5 .477 2.096 20.96 749
1 80 .293 64,4 3.14 T74 178 176 .496 2.016 20. 16 760
90 .294 64.6 3.48 T74 172 r73 .539 1.855 18,65 749
TOO .295 64.8 3.14 179 17 5 177 .483 2.070 20.70 745
IT 0 .29 5 64.8 3.23 T77 176 176 .496 2.016 20.16 745
T 20 .293 64.4 3.13 177 179 178 .470 2.127 21.27 7 50
T30 .293 64.4 3.34 176 173 174.5 .517 1.954 19.34 750
140 .293 64.4 3.31 178 T73 17 5. .510 1.9 61 19.61 7 50
T 50 .293 54.4 3.14 178 17 5 176. 5 .490 2.041 2 c . 4 l 7 50
§60 .293 64.4 3^48 175 172 173.5 .531 X. 883 18.85 7 50
170 .293 64.4 3 124 179 173 T76 .496 2.016 2o, 16 7 50
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L i f e  Curves  
L a m p  6  
joo -  /70
C.P, OP LAMP B. No. 9. LIFE TEST.
End Amp . Watts Watts Pho t cmeter1 Rdgs Ratio Recip- C.P. Res
o f h rs. p erCP (Dst 2nd Av. ro cal Ohms
T .280 61.6 3.18 172 177 174.5 .517 I »934 19.34 786
4 .290 63.8 3.68 169 172 170.5 . 577 1.735 17.33 7 o9
7 .282 62 .1 3.40 174 171 172.5 . 547 1.828 18.28 780
IS .295 6^.9 3 . 55 T 7 I 174 172.5 . 5.7 1 .828 18.28 746
19 .292 64.2 3.37 175 173 174 . 524 1.908 19 .08 741
25 .297 65.4 3.43 176 172 174 , 524 1,908 19.08 74l
31 .300 66.0 3.33 17 7 173 175 . 510 1.9 61 19,61 766
37 .298 6 5,6 3.43 17 5 173 174 . 52 4 1.908 19 .08 758
43 .295 64.9 3.42 176 172 174 . 524 1.908 19.08 746
49 .297 65 4 3.28 173 177 17 5 . 5T0 1,961 19.61 741
60 .296 6 5*1 3 ’ 11 ISO 175 177.5 .477 2.096 20.9 6 744
70 .299 6 5.7 3.04 176 180 178 .470 2.127 21.27 7 o5
80 .298 6 5.6 3.17 179 17 5 177 . 48o 2.070 20,70 738
90 .298 6 5.6 3.34 173 177 175 . 510 I.9 6 I 19 ,6i 7 08
100 .298 6 5.6 3.13 176 179 177.5 .476 2.100 21.00 738
TTO .29 6 6 5.1 # oo 174 176 17 5 .510 1.9 61 19,61 744
120 .298 6 5.6 3.17 179 17 5 177 .483 2.070 .20.70 758
130 .298 6 5,6 3.17 17 5 179 177 , .483 2.070 20.70 7 08
140 .298 65.6 3.27 174 176 175 . 510 1.9 61 19.61 738
T 50 .296 65.6 3.30 174 177 17 5. 5 . 505 1.988 19.88 758
160 .29 6 65.6 5.26 17 5 177 176 .49 6 2.016 20.16 758
170 .296 65.6 3.42 173 176 174.0 . 517 1.9 54 19.34 738.
M o u t-j-
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m s i’G.P. OF LAMP B. NO. 14. LjFE
End Amp, Watts Watts Pho tome ter K d g s .  R a t i o Kecip . G.P, Kes.
Hrs . perOP 1st 2nd Av ro cai Ohms
I .287 63.2 3.45 173 172 172. 5 . 547 l . 828 18.28 767
4 .288 63.4 3.71 171 169 170 , 58 5 1.709 17,09 764
7 . 288 63.4 3.47 17 T 174 172. 5 . 547 1.828 18.28 764
13 .297 65.3 3.53 174 172 173 .539 1.855 18, 55 743
19 .293 64.5 3.2T 175 177 176 .49 6 2.016 20.16 751
25 .298 65.6 3,16 17 5 179 177 .483 2.070 20.70 738
3T .300 66.0 3.18 175 T79 177 .483 2.070 20.70 733
37 . 298 6 5,6 3.42 172 176 T74 . 524 1.908 19.08 738
43 .298 65.6 3,35 T73 T77 T75 .510 1 .961 19.61 738
49 .298 65.6 3.45 176 172 174 . 524 1.908 T9.08 738
60 .300 66.0 3.18 17 5 179 177 .483 2.070 20.70 738
70 .300 66.0 3.T5 179 176 177.5 .477 2.096 20.9 6 738
80 .300 66.0 3 .TO 176 180 178 . 470 2.127 21.27 738
90 .300 66.0 3.29 177 175 176 .49 6 2.016 20,16 738
TOO ,300 66.0 3.29 178 174 176 .496 2.016 20.16 738
ITO .300 66.0 3,56 171 175 173 . 539 1.855 18, 5o 738
T20 .300 66.0 3.10 176 180 T78 .470 2.127 21.27 738
130 .300 66.0 3.18 17 5 T79 T77 .483 2,070 20.70 738
140 ,300 66.0 3.36 177 173 17 5 .510 1,961 19.61 738
T 50 .300 66.0 3.36 17 V 173 17 5 .510 1 .961 19.61 738
T 60 .300 66.0 3.28 177 175 176 .49 6 2.016 20.16 738
170 ,300 66,0 3.56 174 172 173 . 539 1.8 55 18. 55 738
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C.P. OP LAMP B. NO. 15 LIKE TEST
Watts Wat ts Photometer Rdgs. Ratio Reeip- o .p . Res.
Bird. Amp. PerCP 1st 2nd Av. ro ca l Ohms
Hrs.
I .284 62.5 3.51 173 170 171.5 . 562 1.780 17.80 775
4 .280 61.6 3.98 168 166 167 .634 1.567 15.57 786
7 .287 63.1 3.58 170 172 171 . 569 1.7 57 17.57 767
13 .290 63.8 3.42 175 171 173 . 5o9 1.8 55 18.55 3 53
19 .290 63.8 3.26 175 177 175 . 510 1,961 19.61 758
25 .292 64.2 3.36 172 176 174 , 524 1.908 19.08 7 04
31 .294 64,6 3,48 171 17 5 173 . 539 1.855 18. 55 7*8
37 .292 64.2 3.51 171 174 172,5 . 547 1.828 18.28 7 04
43 .292 64.2 3,37 17 5 173 17 4 , 524 1.908 19.08 7 54
49 .292 64.2 3.46 172 174 173 . 539 X .855 I&. 55 7 54
60 .292 64.2 3.18 174 178 176 .49 6 2.0X6 20.16 7 d4
70 .29 5 64.8 3.22 178 174 176 .49 6 2.016 20.16 746
80 .293 64,4 3,28 174 176 17 5 .610 1 .9 61 19.61 7 51
90 .294 64.6 3.48 176 170 173 . 5o9 1,855 18. 5o 748
TOO .294 64.6 3.22 178 17-4 176 .49 6 2.016 20.16 748
ITO .293 64.4 3.28 178 174 176 .49 6 2.0X6 20.1 6 7 51
120 .292 64.2 3.06 177 178 177.5 .477 2.096 20.9 6 7 54
130 .292 64.2 3.56 174 170 172 . 554 1.80 5 18.0 5 7 54
140 .292 64.2 3.18 178 174 176 .49 6 2.0X6 20.16 7 o4
150 .292 64.2 3.37 175 173 174 . 524 1.908 19.08 7 54
160 .292 64.2 3.40 175 172 173.5 . 531 1.883 18,83 7 54
170 .492 64.2 3.38 17 5 173 174 . 534 1.908 19,08 7 54
total ivalfe
_©_---------- e — ~- — -© ------------- e - - e -
pA e , ,< ^ - c
watts ----- -e-
JO 20 3o
H o u r s  
40 j -o LO 70
Life. Curves













(■ M * - tot*/  u/affs-----------0--------
- 0 - -©
-©
----Vf
c  / -g/zi/a^ce











/Jo i /«*-0 /6<j
7/o
/7o ->/vi
L i f e  Curves  
L a m p
10 0  -  nohrs.
G.P OF LAMP B. NO. 18 LIFE TEST
End 
Hrs .










I .282 62.0 3.21 173 176 174,5 .517 1.934 19.54 780
4 .288 63.4 3.66 168 173 170.5 .o77 1.733 I7 .5o 764
7 .290 66.8 3.85 17 6 172 174 . 524 1.908 19.08 7 58
13, .295 65.0 3,60 170 174 172 , 554 1,80 o 18.05 745
19 .293 64.5. 3.21 177 17 5 17 6 .49 6 2.016 20.16 7 50
25 .299 65.8 3.27 T78 174 176 .49 6 2.016 20.16 746
31 .300 66.0 3.37 176 174 17 5 ,510 1.961 19.61 733
37 .298 65,6 5.64 173 T7I 173 . 554 1.80 5 18.05 738
43 .300 66,0 3.36 173 177 17 5 . 510 1.961 19.61 733
49 .300 66.0 3.51 f  76 T7I 173,5 . 532 1.880 18.80 733
60 .30 0 66.0 3.04 T82 176 y79 .4 57 2.188 21.18 733
70 300 66.0 3.20 T75 179 } 177 .483 2.070 20.70 733
80 300 .660 3.10 180 T76 178 .470 2.127 2T.27 733
90 .300 66.0 3.45 171 177 i 74 . 524 1.908 19 .08 733
100 .300 66.0 3.23 17 5 178 17 6.5 .489 2.045 20.45 735
rro .300 66.0 3,15 176 179 177.5 .476 2.100 21.00 733
, T20 .300 66.0 3,23 17 5 178 17 6.5 .-,90 2.041 20,41 733
130 . 300 66.0 3.22 17 5 178 T 7 6. 5 .490 2,041 20.41 73o
T40 .300 66.0 3.32 T74 177 17 5. 5 . 503 1.988 19.88 7 oo
150 .300 66.0 3.28 175 j77 176 .49 6 2.016 20.16 735
T 60 .500 66.0 3.20 176 178 177 i486 2.070 20.70 735
T70 ,300 66.0 3,23 17 5 178 176.5 .489 2.045 20.45 '/'oo
to ta l “' aJ f S___©_ -Cr
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G.P. OF LAMP B. No. 20. LIFE TEST
End Amp. Wat cs Wat ts Phot cmeter’ Rdgs. Ratio
r
ecip- o.p . Res.
Hrs. Per CP 1st 2nd Av. ro c a i Ohms
I .282 62 .T 3.12 J74 T 7 7 17 5. 5 . 503 1.988 19.88 780
4 .288- 63.4 3.56 170 173 T7 I.5 , 562 1.780 17,80 764
7 .273 64.5 3.38 17 5 173 174 .524 1.908 19.08 7 50
13 .300 66.0 3.80 168 173 T70.5 . 577 1.735 17.33 733
19 .298 65.6 3.78 T 73 169 170.5 . 577 1.735 17 .55 758
25 .300 66.0 3.70 173 170 171.5 . 562 1.780 17.80 755
31 .300 66.0 3.56 17 5 171 17 3 . 539 1.855 18. 55 753
37 .299 65,8 3.80 172 169 170.5 . 577 1.733 17,35 736
43 .300 66.0 3.48 172 176 174 . 524 T .908 19 .08 73 o
49 .300 66.0 3,65 174 170 172 . 554 1.805 18.0 5 753
60 .300 66.0 2.98 T8I 178 T 7 9 .5 . 4oI 2.217 22.17 733
70 .300 66.0 2.93 179 T8I 180 .444 2.2 52 22. 62 7 o5
80 . 300 66.0 3.05 T80 176 178 .470 2.128 21,28 733
90 .300 66,0 3.20 17 5 179 177 .483 2.070 20.70 733
TOO .30 0 66.0 3.05 176 180 178 .470 2.128 21.28 735
n o .300 66.0 3.05 177 179 178 . 470 2.128 21.28 755
120 .300 66.0 3.20 178 176 177 .483 2.070 20,70 735
130 .300 66.0 3.36 174 j76 t 7 5i. . 510 1 .961 19.61 7 5 3
T40 . 3 0 0 66.0 3.36 1 7 4 1 76 l '7 5 . 5 1 0 1. 9 6 1 1 9 . 6 1 733
150 . 3 0 0 66.0 3 . 1 9 17  6 1 7 8 1 7 7 . 4 8 5 2 . 0 7 0 2 0 . 7 0 755
1 6 0 . 3 0 0 66.0 3 . 3 8 173 1 7 7 1 7  5 . 510 I .  9 61 19.61 735
T 7 0 . 3 0  0 66.0 3 . 4 1 173 17  6 1 7 4 . 5 . 517 1 . 9 3 4 1 9 . 5 4 7 5 3
<1
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L a m p  Q  2 0  
too - n o  hrs.
C. F. o f LAMP C. NO. 2 LIFE TEST
End Amp . Watts Watt, s photometer Rdgs . Ratio Recip- C P Res,
Mrs , PerCF 1st 2nd A v . ro ca l Ohms
T ,310 68.2 3.25 176 179 175. 5 ,476 2.100 21.00 7X0
4 .310 68,2 3.63 X7X 176 173.5 .532 1.880 18.80 710
7 .310 6 8 .2 3.48 177 T73 17 5 .510 1 .961 19.61 7.10
13 .316 69.5 3,36 17 5 179 T77 .483 2.070 20.70 69 6
T9 .310 68.2 3.40 177 17 5 17 6 ,496 2.0X6 20.16 7X0
25 .312 68.6 3.45 177 174 17 5. 5 . 503 1.988 19.88 70 0
31 .314 69.0 3.67 175 172 173.5 , 532 1.880 18.80 701
37 .312 68. 6 3.49 X7 6 X74 17 5 .510 1 .961 19, 61 70 5
43 .312 68.6 3.46 174 177 17 5.5 .503 1.988 V-
I
• CC cc 70 5
49 .312 68,6 3.55 177 172 174, 5 .5X7 1 . 9 3 4 1 9 .0 4 70 0
60 .313 68,8 3.24 180 176 178 . 470 2. 127 21.27 702
70 .313 68.8 3.48 178 173 17 5 . 5 , 503 1.988 19.88 702
80 .312 68.6 3.32 178 176 177 .483 2.070 20.70 70 5
90 .310 68.2 3.57 172 176 X74 . 524 1.908 19.08 710
TOO .3X0 68.2 3.39 17 5 177 176 .49 6 2.016 20 .16 710
TTO .3X0 68.2 3.25 17 5 180 177.5 .476 2.100 21.00 7X0
T20 .312 68.6 3.60 175 173 174 . 524 1 .908 19.08 70 5
T30 .3X0 68,2 3. 52 174 176 T7 5 . 5X0 X .9 61 19.61 710
140 .3X0 68.2 5.25 177 178 1-77.5 .476 2.100 21.00 710
T 50 .310 68.2 3.32 T7 5 179 177 .483 2,070 20.70 7X0
T 60 .3X0 68.2 3.44 174 177 175.5 .503 1.988 19.88 710










L u m p  C  2.
0 - toohrs











G.P. OP LAMP 0. NO. 5. LlP.fi TfiST.
End.
Hrs.
Amp. W'd 11 S Watts 
per CP






X .300 66.0 3.86 168 172 170 . 585 1.709 17.09 733
4 .300 66.0 4.36 165 i66 165. 5 .662 I .  5X1 X 5. J I 733
7 .302 66.4 4.21 168 166 167 .634 I .  577 15. 77 728
13 .308 67.6 4.16 166 170 168 .617 X, 621 X 6, 21 7X4
19 .302 66.4 3.91 172 T68 170 , 58 5 1.709 17.09 728
25 .302 66.4 4 .TO 170 166 168 .617 I .  621 16. 21 728
31 .305 67.1 4.08 170 167 168. 5 .609 1.642 X 6.42 721
37 .303 66.6 4.00 170 168 169 .601 X . 664 16. 64 726
43 .303 66,6 4,10 166 170 168 ,617 I .  621 16.21 726
49 .303 66.6 4. 51 16 5 164 t64. 5 . 679 1.473 14.73 726
60 ,303 66,6 4.00 X7I 167 169 .601 1,664 16. 64 726
70 .304 66.8 3.92 169 171 170 . 585 1.709 17.09 723
80 .300 66.0 4.42 163 167 T65 . 669 1.495 14.9 5 733
90 .300 66.0 4.85 160 164 162 .726 1,377 13.77 733
l o o .300 66.0 4,25 165 169 167 .634 1.577 15.77 733
ITO .298 6 5.6 4.77 160 164 162 .726 1.377 13. 77 738
120 .300 66.0 4.42 166 T 64 165 .669 1.495 14.95 733
130 . ,296 65.1 4.66 162 163 162,5 .716 1.397 13.97 743 '
T40 .296 66.1 5.01 T 58 162 160 .765 1,307 13.07 743
150 .296 55.1 4.73 160 164 162 . 726- 1.377 13.77 743
T 60 .296 65.1 4.85 159 163 161 .745 X, 342 13,42 743
T70 .296 65. T 4.85 159 162 160.5 ,755. 1.325 15.25 743
/ * 0 -/oo hrs
Hoi/f-s
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T .295 65.0 3.81 173 169 171 . 569 X, 7 57 X 7. oY 747
4 .300 66.0 4.32 167 165 166 , 654 1.259 X 5. 29 753
7 .300 66.0 3.82 168 173 X 7 0.5 . 577 1.733 17.55 755
13 .300 66.0 3.77 173 169 171 . 569 1.7 57 17. 57 735
T9 .29X 64.0 3.77 168 172 170 . 585 1.709 17.09 7 57
25 .291 64.0 3.95 X 66 170 168 .617 1.621 16.21 7 57
31 .293 64.5 4.03 166 169 167.5 .626 I .  597 15.97 7 50
37 .29 T 64.0 4.4 5 162 166 164 .688 1.454 14. 54 7 56
43 .290 63.8 4.39 166 163 164.5 .688 1,4 54 14. 54 7 58
49 .290 63.8 4.70 159 164 161,5 .736 1.360 13.60 7 58
60 .286 62.8 4.57 160 162 161 .745 1,342 13.42 768
70 .286 62.8 4.80 162 158 160 .765 1.307 13.07 768
80 .284 62.5 5.05 X 59 157 I 58 .808 1.238 12.38 775
90 .284 62.5 5.65 152 156 154 .899 1 .112 I I . 12 77 5
TOO .285 62.5 5,05 160 166 158 .808 X . 238 12.38 772
ITO ,282 62.1 5.30 158 164 156 ,852 1.174 IX . 74 781
120 .282 62.1 5.03 156 160 158 .808 1.238 12.38 781
130 .280 61,6 5.61 155 152 153.5 .911 1.098 X0.98 786
140 .280 61,6 5,68 I A 152 153 .923 I.o83 10.83 786
T 50 .278 61 .T 5.46 156 153 154 .887 X . 127 11.27 789
r 60 . 278 6T. I 5.48 152 150 151 .974 I , I a4 IX. 4a 789
170 . 278 61. I 6 . 0 2 152 149 150.5 ,.987 1 .014 10.14 739.
-o
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C.P OF LAMP G. NO. 6. LIFE 'i’ESX
End Amp Watts Watt s Photometer Rdfts , Ratio Recip­ C P Res
K rs . p erCP 1st 2nd Av rocal Ohms
I ,304 66.9 3.31 177 17 5 176 .496 2.016 20 .16 724
4 .310 68.2 3.73 174 171 172. 5 .54 5 1.828 18.28 709
7 ,310 68.2 3.39 174 J 78 176 .496 2 .o i6 20.16 709
13 ,3X9 70.2 3.48 178 1-74 T76 .496 2 ,0i6 20.16 690
19 .3X1 68.4 3.42 176 180 178 .470 2.128 21.28 706
25 .3X3 68.8 3.51 174 176 T7 5 ‘ . 5X0 X. 9 61 .61 702
31 .3X6 69.6 3.6 5 172 176 174 .524 1.908 19.08 696
37 . 51 o 68.8 3.61 X72 176 174 • .524 1.908 19.08 702
43 .3X4 69.0 3,52 177 173 175 ,510 1,9 6 X 19,61 800
49 .3X4 69.0 3.73 177 170 173 , 539 1,855 18.66 700
60 .312 68.6 3.38 r74 T78 t 76 ,49 6 2.0X6 20.16 704
70 .3X3 68.8 3.40 178 173 17 o. 5 .495 2.028 20.28 702
80 .3T2 68.6 3.60 173 175 174 . 524 1.908 19.08 704
90 .3X0 68.2 3.88 183 169 T71 . 569 1.757 17. 57 709
100 .310 68.2 3.68 17 5 T7I T73 , 509 1.855 18,55 70 y
ITO .3X0 68.2 3. 58 17 5 t 73 TV4. . 524 1.908 19.08 709
120 .310 68.2 3.39 17 5 t 77 176 ,49 6 2.0X6 20. i 6 709
130 .3X0 68.2 3.63 X74 173 173.5 . 532 1.880 18.80 709
140 .310 68.2 3.48 176 t 74 t 75 . 5X0 1,961 19,61 709
150 .3X0 68.2 3.34 178 T75 X 7 6. 5 .489 2.045 20.45 709
160 .310 68,2 3.75 173 172 172.5 . 547 1.828 18. 28 709.
170 .310 68.2 3.68 174 T72 j73 , 569 1. 85o 18. 5 5 709
CL/jfe Cut~i/e6
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RESULTS OF TESTS
Of the fo  r t y  s ix  lamps rece ived  fo r  t e s t in g ,  one A.E.G. 
lamp was broken in t ra n s i t ,  one Edison lamp was acc iden t ly  subject­
ed to too high a vo l tage  and was broken. Two other  lamps,both 
Shelby ’ s, f a i l e d  immediately upon being connected to the 2BU v o l t  
c i r c u i t .  Both seemed to f a i l  by burning o f f  a t  the end o f  the f i l ­
ament. This l e f t  fo r ty - tw o  lamps upon which tes ts  were made.
The mean hor izon ta l  candle power was measured f o r  a l l  
o f  the lamps. Character is t ic  curves were taken fo r  ten lamps each 
o f  the gdison and Shelby* s^ , and fo r  the f i v e  A.E.G. lamps. The 
method o f  working has already been described.
The l i f e  tes t  which was made might be said to have only 
been started as i t  las ted  only one hundred and seventy hours, An 
inspection o f  the l i f e  curves however w i l l  show that many o f  them 
have become nearly  s t ra igh t  l in es  at the end o f  that time.
An inspection o f  the mean hor izon ta l  curves shows quite 
an even d is t r ib u t ion  o f  the l i g h t ,  e sp ec ia l ly  f o r  the A and B 
lamps, the curves f o r  the C lamps are somewhat f l a t t e r  than the 
others. The d ire c t ion  o f  maximum in ten s i ty  f o r  the O' lamps is  per-
pa id icu la r  to the plane o f  the f i lam en t .  For the o ther  lamps n  i s
m  the d i r e c t ion  o f  a Line which makes an angle o f  about 40 degrees 
to the plane o f  the f i  Lament.
The average mean hor izon ta l  and spherical candle powers 
f o r  the d i f f e r e n t  makes o f  lamps,are shown m  tho tab le  below.
Lamp No. Mean Hor. C .P, Mean Spherical o .p .
tes ted  Max* Min. Av. Max, Min. Av.
A 18 26.76 10,64 18.45 21 .30 9,13 16.48
B 19 19.04 15.30 16.87 15.87 12.75 14,10
C 5 17.90 15.60 16.72 15.92 13.88 14.88
This tab le  shows that lamps A have the maximum mean 
hor izon ta l  candle power also the mean spher ica l .  These lamps,how­
ever, show the g rea te s t  v a r ia t io n .  The B lamps are much more uni­
form and considering the number tested do very w e l l .  The C lamps 
show the lea s t  v a r ia t ion ,  however only f i v e  lamps o f  th is  make 
were tes ted .
The ch a ra c te r is t i c  curves o f  the lamps show the va r ia t ion  
o f  candle power,watts , watts per candle power, ana res istance o f  
the lamps at vo ltages  from 150 to These u i f f e r e n t  values
were obtained by measuring the current and drop o f  p o te n t ia l  across 
the lamp. I f  C equals the current and E, the drop o f  p o te n t ia l ,  
thenBE equals t o ta l  watts.
CJH--------- —-------- ”  watts per  candle power.
candle power
-JL  ~  RESISTANCE 
C
In a l l  cases, i t  w i l l  be found that the curve fo r  t o ta l  
watts is  made up o f  two s t ra igh t  l ines  which in t e r s e c t ,  on,or very 
near, the ordinate fo r  a vo l ta ge  o f  195. The l in e  r ises  at a s l i g h  
t l y  g rea te r  angle f o r  the second part than f o r  the f i r s t .
The mean values o f  the to ta l  watts f o r  the d i f f e r e n t
lamps, are shown in the tab le  below,
Larrp No. tested  Mean values o f  t o ta l  watts.
At 150 vo l ts At 220 '
A 9 28.4 67.4
B 10 26.6 63.2
0 5 30.8 67.5
This table shows that the 0 lamps took the most watts, 
the A lamps next, while the B lamps required the l e  s t .
A glance at the res is tance l in e s  w i l l  show that the re­
s is tance o f  the n lamps was lower and that the l in e s  are much 
more nearly  hor izon ta l  than the other two makes. This shows that 
the e f f e c t  o f  heat ing on the f i laments o f  these lamps does not 
make such a change in the res is tance  as in  the other lamps.
The res is tance  l in e s  o f  the A and B lamps compare in 
form very well  with each o ther .  The res istance o f  the B lamps are, 
however, somewhat h igher than the A lamps.
A tab le  o f  mean res is tance  is g iven below:
'lamp No.tes ted Mean _es is tance .
At 150 v o l t s At 220 v o l t s
A 9 792 722
B 10 8 56 765
C 5,. 733 717
Lamp s A show an average change in res is tance o f  70 ohms
fo r  a change o f 70 v o l t s .  Lamps B show a change o f  91 ohms fo r
70 v o l t s ,  while lamps C show a change o f  only I 6 ohms f o r  a change 
o f  70 v o l t s .
The candle power curves are in a l l  cases o f  the same 
general form,being concave to the X ax is .  The bend in the curve
comes at about 200 v o l t s .
A tab le  o f  mean values o f  candle power is  here g iven:
Lamp No.tes ted Mean Candle Power
At 150 vo l ts , At 220 vox
A 8 I . 49 21 .11
B 10 I . 10 17 , 59
C 5 I . 77 19 .54
These values are a l l  above the rated candle power o f  the 
lamps. The values f o r  the A lamps are ex t ra o rd in a r i ly  high. An in­
spection o f  the l i f e  curves,however, w i l l  show that  these values 
soon f e l l  o f f  a f t e r  the lamps had been run for  a sho rt time. The 
candle power o f  the q lamps a lso f e l l  o f f  whi le  the B lamp s re­
mained the most near ly  constant of the theee.
The wacts per candle power curves are also o f  the same 
general form fo r  the d i f f e r e n t  lamps. This curve s ta rts  high fo r  
the low vo l tage ,  and drops rap id ly  at once, and f i n a l l y  becomes 
near ly  p a r a l l e l  to the X axis , when the normal vo l tage  i s  reached.
The fo l low ing  tab le  shows the mean values of the waits
per eandle power fo r  the three makes o f  lamps.
Mean value o f  Watts per Candle Power
Lamp No. Tested At 150 Volts At 220
A 8 19.8 6,26
B TO 26,6 6,62
C 5 17,6 6,60
This tab le  shows the  A lamps to be most e f f i c i e n t ,  con­
suming only 6.2 watts per candle power. The C lanps are second, 
using d.5 watts per candle power,while  the B lamps use 6,62. The 
| C lamps w i l l  be seen to be more e f f i c i e n t  than the others f o r  
lower values o f  vo l tage .  An inspection o f  the l i f e  curves w i l l
show how the e f f i c i e n c i e s  ftolds out as the lamps are being burned.
AVERAGE VALUES OF C.P . ,  WATTS, WATTS PER C.P. OF L A ! A .
LIFE TEST,
Obtained from 6 lamps.




I 19 .7 66.5 3.54
4 16.2 67.3 4.16
7 16.8 66.9 3.98
13 T7.3 68.2 3.93
17 19.1 67.3 3.53
25 17.2 66.3 3,86
31 17.5 69.1 3.95
37 17.1 68.8 4.02
43 17.6 69.3 3.94
49 16.6 69.4 4.18
60 16.9 68.2 4.02
70 17.0 68.3 4.01
80 16.3 68.2 4,18
90 16.6 68.4 4.12
100 16.9 68.1 4,03
ITO 16.1 68.3 4.24
120 16.3 68.2 4.18
130 15.5 68.1 4.40
140 T6.0 68.1 4.26
T 50 16.3 68.1 4.18
160 16.2 68.1 4.21
170 16.2 68. T 4.21
Average L ,fc  s
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AVERAGE VALUES OP O.P. ,WATTS, WATTS•PER U.P. OP B. LAMPS
LTPE TEST,
Obtained from 6 lamps.
End of O.P. Watts Watts
Hours Percp
I T8.9 62.1 3.29
4 17.0 63.0 3.71
7 18.3 63.3 3.45
13 18.4 64.8 3.52
19 19.5 64,3 3.30
25 19.6 65.2 3.32
3T T9.7 64.8 3.29
37 18.8 65.1 3.48
43 T9.3 65.2 3.38
49 18.0 65.2 3.62
60 21.2 65.2 3,07
70 21 .1 65.2 3.09
80 20.5 65.2 3.18
90 19.4 65.2 3.36
TOO 20.7 6 5,2 3.15
T TO 2 1 .1 65.2 3.24
120 20. V 65.2 3.15
T30 19.7 65.2 3.28
T 40 T8.2 6 5.2 3.58
T 50 20.0 65.2 3.26
160 20. T 6 5.2 3.25
170 20.5 6 5.2 3.18
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I'he economical smashing point may be defined as that
- #
point at which i t  w i l l  pay to throw away an incandescent lamp,and 
buy a new one rather  than to burn the old one at a low e f f i c i e n c y .  
This po in t  depends, o f  course, upon the cost per k i low a t t  hour o f  
energy de l iv e red  at the lamps,since i t  may pay to run lamps at a 
low e f f i c i e n c y  i f  energy is cheap.
the method oi determining the economical smashing po int  
j o f  a lamp is  g iven below. In this thes is ,  the e c o n o m i c a l  smashing 
point was not reached, hence some assumptions have to be made which 
render useless any comparison o f  the smashing po in t  o f  the d i f f e r ­
ent sets o f  lamps.
ihe average values o f  the tota l  watts, candle power, and 
j watts per candle power was found f o r  each set o f  lamps as shown by
ce d /no
the f©Hewing^data and curves, lamps A were taken as representa­
t i v e  lamps and i t  i s  assumed that t h e i r  candle power w i l l  remain 
constant at s ix teen ,  u n t i l  they have been burned f o r  1000 hours, 
nad the tes t  been continued fo r  1000 hours the actual candle power 
at various lengths o f  time would have been used. A- curve,A, may 
be p lo t t e d  showing the cost per candle power hour f o r  various 
lengths o f  time o f  burning. For exampie, i f  a lamp be burned f o r  
500 hours the cost per candle power hour f o r  that length o f  time 
would be twenty cents d iv ided by the number o f  candle power hours, 
or 500 x 16 s  .004 cents. This value is  p lo t t e d  as an ordinate 
and the time is p lo t t ed  as an abscissa. Curve a was p lo t t e d  from 
the fo l low ing  data*

























To the above mentioned cost muse be added the cos t o f  
energy de l ive red  to the lamp per candle power hour. This may be 
obtained by p l o t t in g  the curve o f  average watts per candle power 
and mult ip ly ing  each ord inate  by the cost per  k i lowatt  hour d e l iv e r  
ed at the lamps. In these experiments the data was only taken to 
the end o f  170 hours, hence the curves must be produced by estima­
t ion , as shown by dotted l in e s .  This g ives  curve B. The t o t a l  
cost per  candle power hour may now be determined by adding the 
ordinates o f  tfce two curves to -ge ther .Th is  g ives  curve 0. Prom 
t “ i s ,/e see that i f  a lamp s im i la r  to the A lamps is  burned
f o r  20o hours the cost per candle power hour during that time w i l l  
be .016 cents. I f  burned f o r  40u hours the cost per candle power 
hour during that time w i l l  be .0081 cents. I f  burned fo r  VOo hours 
the cost per candle power hour f o r  that time will, be ,00Yo cents.
I f  burned tor  1000 hours the cost per candle power hour f o r  that 
time w i l l  be .0080 cents. In o ther  words the cost p e r  candle pow­
er hour is lowest i f  we throw away our lamp a t  the end o f  700 hours
and buy a new one.
and,pro--t-his method may be appl ied to any se t  o f  lamps,
; v ided che watts per  candle power and the candle power o f  the lanp 
are obtained at in te rva ls  o f  time extending up to, and beyond, the 
economical smashing po in t ,  we may accurately  determine that po int 
by the construction o f  a curve as shown above,
ine me n  curve oi candle power, watts, and watts per 
candle power fo r  each set o f  lamps,which was mentioned above, was 
found by averaging the readings o f  a l l  the lamps tested  o f  each 
se t .  Thus the candle power o f  the a lamps at the end o f  n hours, 
was found by f ind ing  the average o f  the readings o f  each o f  the 
s ix  lamps at the end o f  n hours. The watts ana watts per candle 
power were found in the same way.
The average curve f o r  each set o f  lamps have much the 
same general form. The candle power curve f o r  the f i r s t  few hours, 
f a l l s  s l i g h t l y ,  and then r is e s  again, a t ta in ing  a maximum value 
at the end o f  from twenty to f i f t y  hours. I t  then f a l l s  again and 
becomes near ly  a s t ra igh t  l in e ,  r i s in g  s l i g h t l y ,  during the la s t  
seventy f i v e  hours o f  the t e s t .  The candle power curve o f  lamps A 
f e l l  o f f  f a s t e r  than that o f  lamps B or  0 .
The curve o f  t o ta l  watts r ises  s lowly f o r  the f i r s t  twenjr 
ty  hours, and then becomes p r a c t i c a l l y  a s tra ight  l in e ,a l s o  r is in g  
s l i g h t l y .
The curve o f  watts per candle power r is e s  s low ly  f o r  the
en t i r e  run. In the B lamps this r i s e  is  very s l i g h t .  !•**—th J" l  uniks-
